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SYNOPSIS 


Most concrete members in bridges and buildings sustaining torsion 
are of rectangular sections, the torsional strength of which is most 
efficiently raised by means of forty-five degree spirals. 

This paper reports the data obtained by subjecting twenty-four 
rectangular concrete specimens to torsional moments of increasing 
magnitude until failure. These data form the basis for a study of 
stress distribution, modulus of elasticity in shear and ultimate strength. 

Of importance to the designer is the conclusion that the ultimate 
strength of a spirally reinforced section can be approximated from the 
strength of the plain concrete section and the amount of reinforcement. 

REVIEW OF THEORY 

Referring to the notation on page 12, it can be shown, that if a 
rectangular prism of isotropic material is subjected to a twisting 
moment, M, then the maximum shearing stress will occur at the 
middle of the long side and will equal 


6 
‘i+ M 
Vn = a Ag (1) 
0.45 + — 8 Ba? 
a 
The shearing stress at the center of the short side is equal to 
+ — = M 
V= : elgg (2) 
0.45 +- SaB 


a 
The shearing stresses at other points of the edges vary according to 
second degree parabolae and are zero at the four corners. The stress 
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increases uniformly along the median lines from zero at the centroid 
to a local maximum at the center of each side. The shearing stress is 
equivalent to a tensile and compressive stress, each equal in intensity 
to the shearing stress and each making an angle of forty-five degrees 
with the direction of the shearing stress. In a material like concrete, 
where the resistance to tension is less than the resistance to shear, a 
fracture along a helix at forty-five degrees to the axis will occur when 
the ultimate tensile strength has been exceeded. It follows that the 
most effective reinforcement for a concrete member designed to resist 
torsion is the forty-five degree spiral. 

There is no doubt that for a material like concrete the theoretical 
stress distribution is to some extent modified because of the inelastic 
deformations of concrete at high stresses. There is also evidence that 
the introduction of spiral reinforcement will cause additional redis- 
tribution increasing the stresses near the corners and decreasing those 
near the center. 

The experiments cited in this paper as well as earlier tests show that 
torsional strength of concrete members increases as the amount of 
spiral reinforcement is increased. In a previous paper* the writer has 
shown that if for a round section, Fig. 1 (a), subjected to a torsional 
moment, M, it is assumed that the spiral reinforcement takes all tension 
in excess of the permsisible tension for plain concrete, the following 
relation exists: 


*Transactions of American Society of Civil Engineers, 1935, Vol. 100, page 949 
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6Kv3 = (v, — t,)? (30.2 + vt. + t2) . .(3) 
where 
_ I 
- Vv2xXxNXtXAX 1, | 
K = — : | 
rT," ¢ 
| Kquation (3) can be modified to cover the case of a square section, 
| Fig. 1 (b), the torsional strength of which is only slightly higher than | 
the inscribed circle. Thus for a square 
| ee o “ 9 0 ~ i 
6KFv,? = (Um t.)? (30m? + Qmt. + t.). Bae .. (5) j 
where r, = one-half of side } 
rz = r, less the distance to steel | 
F is a reinforcement efficiency coefficient relating to the variation in 
tensile stress along the edge. t 
The strength of a rectangular section can be expressed in a similar I 
way as the strength of the conjugate circular section reinforced with 
the same number of rods. The radius of the round section equivalent 
in strength to a rectangular section is found by equating the maximum 
stresses thus 
2.6 
2M 3 4 ; M (6) 
| = } 
w Te’ 0.45 + - S Ba? 
. a , 
16 Ba? 
“e 
Pe = ‘4 o - 
T B .. (0) 
0.45 + — 
\ a 


From Fig. 1 (c) it is seen that the reinforcement efficiency factor for 
a rectangular section can be computed as 
Lyi + Tye 
N 


It is readily seen that the factor, F, varies between the limits 


V4 (: +2) <F<l os (9) 


p The lower limit is found by assuming the spiral reinforcement placed 


F=2*X . (8) 





around the outside of the section in such a way as to constitute a 
uniform band. 
TEST SPECIMENS AND APPARATUS 
The testing under torsion of twenty-four specimens will be reported 
in this paper. Sizes, reinforcements and control cylinder strengths are 
given in Table 1, while Fig. 2 shows principal dimensions. These 
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TABLE 1—TEST SPECIMENS 


Reinforcement 
Control Cyl 


Specimen Dimensions Spirals Longitudinal lb. per sq. in. 
Al 8” x 8” None %” Corner Rods 3900 
Bl 8” x 10” None 4" Corner Rods 3900 
Cl 8° x 13” None %%" Corner Rods 3900 
A2 8’ x 8” None 4%" Corner Rods 7000 y 
B2 8” x 10” None %” Corner Rods 7000 
yi . 222° _— %” Corner Rods 7000 

3 ae None None 4100 
B3 8” x 10” None None 4100 
C3 8" z 12° None None 4100 
A4 8" x 8” None None 6900 
B4 8" x 10" None None 6900 
C4 8° x 12” None None 6900 
A5 8" x8 ; = 6 %<” Corner Rods 3850 
B5 8” x 10” 7 %”" Corner Rods 3850 
C5 8” x 13° Ss 44” Corner Rods 3850 
A6 8” x 8” 6 3%” Corner Rods 6450 
B6 8” x 10” 7 ’"” Corner Rods 6450 
C6 8” x 12’ S 84" Corner Rods 6450 
AZ 8° x 8” g 4%” Corner Rods 4150 
B7 8” x 10” 10 %" Corner Rods 4150 
C7 mee 12 3%” Corner Rods 4150 
A8 8” x 8” 9 34" Corner Rods 6850 
B8& o? «10° 10 %%” Corner Rods 6850 
C8 8” x 12” 12 ’%" Corner Rods 6850 

Rn 
\ ” eile 








/o° 
= 


























Specimens‘’A" — Specimens’B" Specimens "C" 
Section X-X 


Fic. 2—Terst SPECIMENS 


dimensions would over-run as much as an eighth of an inch. All corner 
rods were of structural steel grade and annealed black, soft grade p 
wire was used for spirals. Samples of the reinforcement were sub- 
jected to the usual tensile tests, the results of which are given in 
Table 2. 
The portland cement used in manufacturing the concrete passed the 
standard specifications of the American Society for Testing Materials. 
The fine aggregate was a well-graded torpedo sand from the Wabash 
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TABLE 2—TENSILE TESTS OF REINFORCEMENT 


Size Shape Area Yield Point Ult. Strength Elongation 
Inches Sq. In Lb. per Sq. In. | Lb. per Sq. In in 8” 
0.375 Round 0.1104 51500 71700 13% 
0.1485 Round 0.0173 33000 48300 19% 


River at Attica, Indiana. The gravel, also from Attica, was graded 
from 4 in. to 34 in. 

All concrete was machine-mixed for four minutes and allowed to 
remain in the forms for forty-eight hours. The specimens were cured 
moist for fourteen days and tested at the age of twenty-one days. 

As indicated in Fig. 2 the ends of the specimens were made two 
inches larger than the test piece in order to prevent local failures. 
In addition four 34-in. round steel rods were imbedded in the ends 
to furnish bearing against the structural steel grips of the testing 
machine. A standard torsion machine with a capacity of 230000 in.- 
lb. was used. 

Fig. 3 shows the set-up for an 8 x 10-in. specimen. Strain-gauge 
readings in the 45° directions were taken on all four sides of the test 
piece by a 2-in. Berry gauge. Steel plugs for the strain-gauge holes 





Fic. 3—SEtT-UP FOR TORSION TEST 
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were set and grouted in the concrete about one week before testing. 
The angular distortion was measured as the difference in rotation 
between two sections fourteen inches apart. To each section was 
attached a steel frame that made contact with the specimen in four 
points. The angles of rotation of these frames were determined by : 
level-bar with attached screw micrometer. The angle of twist was 
measured at intervals of 5000 in.-lb. 
MODULUS OF ELASTICITY IN SHEAR 

Torque-twist diagrams for the twenty-four specimens are shown in 
Fig. 4. It is noticed that the presence of corner rods does not increase 
the torsional rigidity of concrete; this is also true of small percentages 
of spiral reinforcement. For the six specimens in Groups 6 and 7 
there appears to be a slight increase in torsional rigidity. 

All specimens showed the presence of time yield and as the ultimate 
loads were approached, this shear flow became very evident for spirally 
reinforced specimens during the last stages of loading. 

The diagrams in Fig. 4 confirm previous tests with concrete in 
torsion that the stress-detrusion curve for a plain concrete member is 
substantially straight. The addition of web reinforcement results in a 
curve consisting of a straight line up to about the ultimate strength for 
the unreinforced concrete; from there on, as maximum loads are 
approached, it shows a marked curvature. 

Moduli of elasticity in shear computed from the straight line por- 
tions of the torque-twist diagrams are listed in Table 3 together with 
the moduli of elasticity in compression as found from the control 
cylinders. The modulus of elasticity in shear was computed from 

ae ae 
l6aBay 


where « equals 0.141; 0.168; 0.196 for 8” x 8”; 8” x 10”; 8” x 12” respec- 
tively. 


eS A ae ee Pere) 


STRESS DISTRIBUTION 


Strain gauge readings were taken in two directions for each load 
increment. Due to the small magnitude of the strains very little 


TABLE 3—MODULI OF ELASTICITY 


Specimens E—p.s.i. E,v—p.s.i. 
Al, B1, Cl 2940000 1300000 
A2, B2, C2 4100000 1810000 
A3, B3, C3 3450000 1550000 
A4, B4, C4 4150000 1900000 
A5, B5, C5 2900000 1430000 
A6, B6, C6 4150000 | 1870000 
A7, B7, C7 2970000 1420000 
A8, B8, C8 4030000 2010000 
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Fic. 4—TorQuUE-TWIST DIAGRAMS 


increase in stress was noticed during the first sets of readings. The 

last set of readings showed definite changes in principal strains. The 

products of these strains and the modulus of elasticity in compression 

' of the concrete indicated values for principal stresses substantially 
p lower than those computed from the measured torsional moments. 
The writer believes this to be due to following causes: the measured 

strain is the average for two linear inches while the maximum stress 

occurs only at the center, and that there is considerable redistribution 

of stress in a rectangular section. The first of these causes can be 

partially eliminated by studying the ratio of the two local maximum 

stresses. Thus, in Table 4, the ratio V-wide + V-short is the ratio of 
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strains as measured just before failure. Theoretically this ratio 
should be equal to B + a, actually it is considerably lower. 

Table 4 also lists the ratio of moments producing failure and visible 
cracks. 

ULTIMATE STRENGTH 

The unreinforced concrete members failed suddenly, the specimens 
reinforced with corner rods also fractured without warning. The 
spirally reinforced test pieces were capable of taking additional load 
after cracking; the cracks always started at the center of a long side 
and made angles of approximately forty-five degrees with the axis 
of the member. 

Table 5 lists maximum shearing stresses computed from the ob- 
served maximum moments. It is noted that the torsional strength 
increases with the compressive strength and that, for plain concrete, 
the ratio 


TABLE 4-——-STRESS DISTRIBUTION 


Specimen : B V wide M-ultim Specimen B V wide V -ultim 
a V—short M -crack a V -short VM crack 
Al 1.00 1.04 1.00 AS 1.00 1.08 1.12 
Bl 1.25 1.21 1.00 B5 1.25 1.2) 1.10 
Cl 1.50 1 31 1.00 C5 150 1.32 1.10 
A2 1.00 1.10 1.00 At 1.00 1.10 1.09 
B2 1.25 1. 28 1.00 6 1.25 1.31 1.11 
C2 1.50 1.30 1.00 C6 1.50 1.51 1.09 
A3 1.00 1.05 1.00 A7 1.00 1.01 1.24 
B3 1.25 1.22 1.00 7 1.25 1.33 1.23 
C3 1.50 1.41 1.00 C7 1.50 1.22 1.27 
A4 1.00 1.10 1.00 AS 1.00 1.03 1.25 
B4 1.25 1.16 1.00 bs 1.25 1.24 1.20 
C4 1.50 1.42 1.00 Cs 1.50 1.23 ‘.3) 
TABLE 5-——-UTLIMATE STRENGTH 
Control Cy! Max. Shear Average , Percentage 
Specimen U Vm Vm Vm of Spiral 
Lb. per Sq. In Lb. per Sq. In Lb. per Sq. In t 

Al 3900 465 None 
Bl 3900 51S 404 0.127 None 
Cl 3900 502 None 
A2 7000 610 None 
B2 7000 692 662 0.095 None 
C2 7000 685 None 
A3 4100 539 None 
B34 4100 5O5 520 127 None 
C3 4100 575 None 
A4 6900 640 None 
4 6900 609 636 0.092 None 
C4 6900 655 None 
A5 3850 635 23 
BS 3850 578 602 0.156 22 
C4 3850 592 20 
A6é 6450 655 23 
6 6450 687 700 0.105 22 
C5 6450 724 20 
A7 4150 765 44 
B7 4150 796 797 0.192 $1 
C7 4150 530 $1 
As 6850 1024 $4 
Bs 6850 997 1033 0.152 $1 





t 
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TABLE 6-—-ANALYSIS 


Max. Shear-—Vm 


Specimen Pe P A Ik 
Observed Computed 
AS 100 2.75 66.24 0 86 635 714 
BS 1.48 4.23 64.75 0.76 578 687 
C5 184 3.538 65.37 0.70 592 O85 
AG 1.00 2.75 66.24 0.86 OSS S48 
6 1.45 3.23 64.75 0.76 OS7 S20 
C6 1.83 + SS 65.37 0.70 724 S16 
A7 100 > 75 66,24 0.86 765 S28 
7 1.48 3.23 14.75 0.76 706 701 
C7 483 3.58 65.37 0.70 S30 788 
As 1 00 2.75 i624 0 86 1024 O66 
Is 1 45 3.23 64.75 0.76 O07 927 
C's 1.83 3.58 65.37 0.70 1078 023 


torsional strength 
compressive strength 


decreases as the compressive strength increases. It 


s interesting to 
note that the flexural strength as indicated by the ratio 
modulus of rupture 
compressive strength 
also decreases as the compressive strength increases. 
The presence of corner rods did not increase the torsional strength. 
If it is desired to compute the ultimate strengths, the quantity 4,A, 
in Equation (5) equals the yield point load in one wire. Reinforce- 
ment efficiency coefficients, as computed by (8), are listed in Table 6. 
Thus for Specimens A7 and A& 


(Um —— te)? (30m? + 2mte + te’) 


2 9 & 33000 & 0.0173 & 2.75 ; 
6 <2 x bis X 3.49 X 0.860,,3 (11) 
3.1416 & 64 


for A7: 

t, 0.127 & 4150 527; Um S28 (12) 
for A&: 

l. 0.094 * 6850 644; v», 966.... (13) 


Maximum shearing stresses computed according to Equation (5) 
are given in Table 6. It is seen that for the smaller percentages of 
spiral reinforcement the actual increased strength is less than the 
theoretical increase according to (5); for the higher percentages the 
agreement appears much better. 

It is interesting to note than the 8 x 12-in. section, with only one 
exception, was the strongest of every group. For economy of material, 
however, the square is the most efficient shape. 

CONCLUSIONS 

1. The modulus of elasticity in shear of concrete appears to be a 

direct function of the modulus of elasticity in compression, The data 
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presented in this paper show that high strength concrete has a higher 
shearing modulus than low strength concrete. Corner rods: and spiral 
reinforcement do not appreciably influence the torsional rigidity of 
rectangular beams. 

2. Rectangular concrete sections in torsion fail due to high tensile 
stresses near the centers of the long sides. Corner rods can not be 
depended on to raise the torsional strength. 

3. The square is the most efficient section to resist torsion. Ree- 
tangular sections of proportions up to B + a = 1.5 ean be relied on 
to give ultimate strengths consistent with the formulae derived by 
the theory of elasticity. 

4. Spiral reinforcement of not less than one-fourth of one per cent 
van be depended on to effectively raise the torsional strength of con- 
crete, provided it is securely tied or welded to the corner rods of the 
section. 

5. The spiral reinforcement for squares and rectangles can be 
assumed to take practically all tensile stresses in excess of the ultimate 
tensile strength of the unreinforced concrete. 
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NOTATION 


A summary of the notation used in this paper is presented herewith: 


a = one-half of the small side of a rectangle 

c = a subscript denoting concrete 

e = a subscript denoting edge 

m = a subscript denoting maximum 

s = a subscript denoting steel 

r = radial distance in a horizontal cutting plane, measured from 
the axis of a cylinder; r, to the edge; r, to the steel reinforce- 
ment. 

t = tensile stress: ¢,, permissible for concrete 


U = control cylinder strength 
V = shearing stress: V, along the edge of a cylinder produced by 
a twisting moment, V; V,, maximum shearing stress 
y = an influence ordinate of shearing stress 
A, = cross-sectional area of a steel spiral bar 
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E, 
PR 
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one-half of the long side of a rectangle 

modulus of elasticity in compression 

modulus of elasticity in shear 

a reinforcement efficiency factor that allows for surface 
tension taken by reinforcement. 

a substitution factor 

twisting moment 

number of spiral bars 45° to the axis, cut by a horizontal 
plane 

radius of round section equivalent in strength to rectangular 
section; p. to the edge of a cylinder; p, to the steel rein- 
forcement. 

angle of twist per unit length of prism. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by December 1, 19387. For 
such discussion as may develop readers are referred to the JOURNAL 
for January-February 1938. 
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The Autoclave Test and Interpretations* 


By Roy N. Younet 
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EVIDENCE has been accumulating that the soundness test for port- 
land cement, as generally applied in this country, does not give com- 
plete assurance against excessive expansion of concrete. This has 
caused a revival of interest in an autoclave test as an indicator of 
potential expansive properties of cements with reference especially 
to expansion which may result from the hydration of free lime and 
free magnesia. 

We know that free lime in cement and the expansion of cement 
specimens stored in water have a fairly definite relationship, if the 
other effective variables are kept constant, as is possible among 
cements made in the laboratory. The same statement may be made 
about the magnesia in cement. Knowledge of these facts alone might 
cause one to advocate the placing of limits upon free lime and 
magnesia to insure against excessive expansive properties. Among 
commercial cements, however, the state and activity of both the free 
lime and magnesia vary a great deal on account of differences in raw 
materials and details of manufacture. This restricts the value of 
these components as indices of the properties in question, and to 
accomplish the desired results, the maximum amounts permitted 
would have to be so low that a great number of entirely satisfactory 
cements would be forced off the market. 

There is convincing evidence that the autoclave test can be used 
to eliminate the cements of questionable soundness without at the 
same time excluding from the market more than a very small fraction 
of satisfactory cements. This involves the fixing of an upper autoclave 
expansion limit at the proper point—it involves the proper interpre- 


*Received by the Institute July 22, 1937 
tChemical Engineer, Lehigh Portland Cement Co., Allentown, Pa 
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tion of the autoclave expansion into terms of expansive properties of 
concrete under service conditions. 
TESTS 

The data selected for presentation and discussion at this time 
relate to standard portland cements from various parts of the country. 
No special types of cement or laboratory cements are included. All 
were sound in the steam test with the exception of one and each has 
been under observation for 4 years or longer—up to 9 years. 

Some consideration will be given to compound composition includ- 
ing free lime and magnesia but volume change in cement under 
several different treatments is of chief interest. The test methods will 
not be described in detail but very brief comment should be made. 
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Fic. 1—TyPicaAL LINEAR CHANGES FOR CEMENTS OF LOW AUTOCLAVE 
EXPANSION UNDER THREE DIFFERENT STORAGE CONDITIONS 


Neat cement bars identical with those used in the autoclave test 
were stored under three different conditions: (1) continuously wet at 
70° F.; (2) outdoors but protected from direct sunshine and rain; and 
(3) in air maintained at 50 per cent relative humidity and 70°F. 
These different storages will be referred to respectively as wet, out- 
door and dry. 

RESULTS OF TESTS AND DISCUSSION 

To illustrate the linear changes under the three storage conditions 
for an average cement, we chose a group of cements having autoclave 
expansions between 0.1 and 0.2 per cent. (See Fig. 1) The number 
of cements within this range of expansion was considerably greater 
than the number either above or below it. In the wet storage the 
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rate of expansion is rapid during the first year but slows down a great 
deal after that. Expansion continues at least up to the 8-year period. 
The cement in both the outdoor and dry storages contracted very 
rapidly during the first month and at 4 years reached the maximum. 
The outdoor storage curve falls between those for the wet and dry 
storages, which indicates that the variable temperature and humidity 
conditions of the outside storage had intermediate effects upon linear 
change. 
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Kiac. 2 LINEAR CHANGES UNDER TWO STORAGE CONDITIONS OF CEMENT 
SHOWING DELAYED EXPANSION 


In contrast with these curves, two decided types of expansion, 
which resulted from different storage conditions, are shown in Fig. 2. 
In the curve representing the specimens stored outdoors, there at 
first is a relatively small contraction and then a rather sharp turn 
upward. This upturn may have been due to the hydration of 
free lime! which began to have considerable influence after several 
months in storage. During the period from 2 to 6 years there was 
an expansion paralleling that occurring in the wet storage. After 6 
years things began to happen and before 8 years the specimens were 
entirely disintegrated. It is believed that under the outside storage 
conditions, this cement provides evidence of what has happened in 
several concrete roads which, recently, have expanded rapidly after 
6 or 8 years of satisfactory service. This has been termed “delayed 


expansion.” 


‘All values given in this paper for CaS, C28, CsA or CsAF are potential contents computed from the 


oxide contents as usually reported. The free lime values include the equivalent of any Ca(OH): which 
may be present 
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The specimens in wet storage expanded very rapidly during the 
first year and to a greater extent than the normal cement did in 8 
years time. At the end of 9 years this cement had expanded more than 
a half of one per cent. This behavior does not appear to typify the 
“delayed expansion’’ mentioned because from the shape of the curve 
one would expect that, if failure occurred in the later years, it would 
be more gradual. The magnesia content of this cement is not very 
high but the specimens disintegrated in the autoclave test. 
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Fic. 3—CEMENT WHICH DISINTEGRATED IN AUTOCLAVE AND ALSO IN 
BOTH OUTDOOR AND DRY STORAGE 


Cement represented in Fig. 3 probably would have made satisfac- 
tory concrete under continuously wet service conditions, but one 
could reasonably expect that under drier conditions destruction of the 
concrete would have been well on its way within a year. The chemical 
analysis shows that the magnesia content was low and the free lime 
not rarely high. It was sound in the steam test and, as a matter of 
fact, would appear quite safe, judging from specification tests, but it 
disintegrated in the autoclave. 

Fig. 4 presents an interesting case. This cement did not disintegrate 
in the autoclave as did the previous cements, but had a very high 
expansion—8.4 per cent. The contents of the silicates show that it 
was far from being over-limed and the contents of free lime and 
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magnesia do not indicate a particularly dangerous cement. Never- 
theless, in four years under the dry storage conditions the cement had 
expanded nearly one per cent. Apparently by that time the highly 
expansive substance was exhausted and the specimens began to con- 
tract. The expansion in the wet storage was higher than normal but 
the contraction in the outdoor storage was much less than with the 
average cement. There are good reasons to believe that this cement 
used in concrete exposed to conditions neither excessively wet nor dry 
would have resulted in an excellent concrete with less than normal 
tendencies toward undesirable effects of shrinkage. 
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Fig. 4—CEMENT OF VERY HIGH AUTOCLAVE EXPANSION SHOWING 
ABNORMAL BEHAVIOR IN DRY STORAGE ONLY 


The proportion of cements of extremely high autoclave expansions 
as thus far discussed is very low, yet such cements certainly have 
reached the market. Is it any wonder then that we have instances of 
concrete disintegration due to cement expansion. The limited num- 
ber of such occurances is partially explained by the fact that, under 
most service conditions, the potential highly expansive forces in 
question either do not develop, or are offset by opposing forces, or are 
relieved by plastie flow of the concrete. 


~x-tts 


ore es eS 





-, _—o-T*ar 


oo = 


sete 











18 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Sept.-Oct. 1937 


Fig. 5 further illustrates this thought. In the wet storage the 
expansion appears too high but under the outdoor conditions it seems 
probable that no excessive expansion in the concrete would occur. 
There would be some question about the cement in the dry storage 
because of the rapid expansion between the 1- and 2-year periods. ’ 
Although the cement is abnormal as indicated by both the autoclave 
test and the long time tests, the free lime content, magnesia content 
and the steam test would not have aroused suspicion. 
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Fia. 5—CEMENT OF VERY HIGH AUTOCLAVE EXPANSION SHOWING 
ABNORMAL BEHAVIOR IN OUTDOOR AND DRY STORAGES 
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Fia. 6—CEMENT WHICH SHOWED HIGH EXPANSION IN WET STORAGE BUT 
LOW CONTRACTION IN DRY AND OUTDOOR STORAGES 


Judging from the magnesia and free lime contents of the cement 
£ 
represented in Fig. 6 (5.2 per cent and 3 per cent, respectively) it 





The Autoclave Test and Interpretations 19 


should have expanded more than any cement yet shown. Here again 
the autoclave test appears to be a better index of the expansive ten- 
dencies of cement than the chemical analysis. It will be noticed that 
the autoclave expansion is just under 1 per cent according to the 
method of test employed. This cement has a very high expansion in 
the wet storage and on that account probably it should be rejected. 
On the other hand contractions under the dry and outdoor storage 
conditions are relatively very low with no indication whatever that the 
cement will fail under longer exposure. An excellent concrete from 
the use of this cement probably would have resulted under many 
service conditions—one quite free from the often-seen effects of slow 
contraction, 

Kighteen out of 186 commercial standard portland cements had 
higher autoclave expansions than the one shown in Fig. 6. Twelve 
of these definitely showed excessive expansion under one or more of 
the storage conditions. There were 167 cements which had lower 
autoclave expansions. If any expansion under 0.3 per cent in the wet 
storage at the 4-year test period is considered safe, it can be said that 
not one of the 167 cements has shown any signs of excessive expansion 
under any storage condition. 

This shows a rather clean separation of the good from the bad and 
strongly supports the contention that the reliability of the autoclave 
test is satisfactory. <A specification limiting the autoclave expansion 
to 0.8 per cent would have rejected all of the cements under suspicion. 
Results of a comparison between the autoclave test used in this work 
and the one recently adopted by the cement industry show that the 
latter gives, on an average, expansion 1.7 times higher. The 1.0 per 
cent upper limit specified by the industry then is equivalent to an 
expansion of 0.6 per cent by the method employed. 


TABLE | CEMENTS GROUPED IN ACCORDANCE WITH AUTOCLAVE EXPANSIONS 


Range of Average Linear Change (% 
Expansions Number of 
Per Cent Cements Autoclave 1-Year Outdoor Dry Storage 
Wet Storage Storage 
0 0.1 36 +0.05 +O0.16 0.23 0. 32 
0.1 0.2 85 +O.14 +0. 20 0 24 0.32 
0.2 0.38 25 +O. 24 0.23 0.28 0.31 
0.3 0.5 12 +O. 38 +0. 23 0.23 0.31 
0.5 1.0 10 +0 606 +-(), 27 4), 22 0.28 
1.0--12.0 12 +580 +0). 28 0.19 0.23 
Disintegrated 6 +O. 37 0.11 0.15 
Note Values under outdoor and dry storages are averages of maximum contractions for the respec- 


tive groups regardless of age 
Up to this point only isolated cases have been discussed and now we 


shall examine the more general relationships. In Table 1 are data 
pertaining to cements grouped in accordance with their autoclave 
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expansion. The ranges for each group are shown in column 1. The 
average autoclave expansion for each group, the number of cements 
and the average linear changes appear in succeeding columns. In 
order to include the largest number of cements the 4-year test period 
for the wet storage was used. The contractions shown in the dry and 
outdoor storages were computed from the maximum contractions 
within the 4-year period regardless of the age at which they occurred. 
Two cements were excluded from the 0.5 to 1.0 per cent group on 
account of their very high C;A contents. The reason for this will 
appear later. 
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Fic. 7—COMPARISON OF AUTOCLAVE EXPANSIONS WITH LINEAR 
CHANGES UNDER THE THREE STORAGE CONDITIONS. EACH POINT IS AN 
AVERAGE OF THE RESPECTIVE GROUP 


The relations between the autoclave expansions and the long time 
test expansions are shown graphically in Fig. 7. As the autoclave 
expansion increased the expansion in the wet storage also increased 
In the other two storages the reverse is the case and the cements having 
the higher expansion in the autoclave have much lower contractions 
than those having the lowest expansions in the autoclave. In view of 
this, attention was concentrated on cements showing the greatest 
contractions. Ten cements from 10 different plants having the great- 
est contractions in the dry storage were averaged with respect to linear 
changes, C;A and free magnesia contents, and the results obtained are 
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shown in Fig. 8. The average contraction for these cements in the dry 
storage at 4 years was nearly 0.5 per cent which is greatly in excess of 
the typical cement shown in Fig. 1. In contrast to this the expansion 
in the wet storage was considerably less than the typical cement; 
the average magnesia content was 2.5 per cent which is low. The 
C;A content, however, is considerably higher than the average for all 
cements. For further study all cements having autoclave expansions 
0.5 per cent or less were grouped in accordance with the C;A content 
as shown in Table 2. These data were plotted with C;A as abscissa 
and linear changes as ordinates in Fig. 9. 
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Fic. 8——-AVERAGE LINEAR CHANGES OF TEN CEMENTS HAVING HIGHEST 
CONTRACTION IN DRY STORAGE 


TABLE 2--CEMENTS GROUPED IN ACCORDANCE WITH C3A CONTENT 


Average Linear Change (%) 


Cs Range Number of Ava. CaA 
Per Cent Cements Per Cent Autoclave 41-Year Outdoor | Dry 
Wet Storage Storage Storage 
| 
7— 9 6 te 0.09 +0.20 | 0,21 0.28 
0 10 20 9.5 +O.12 +0. 20 | 0.21 0). 28 
10-11 20 10.6 tO. 12 -O.19 } 0.21 0.20 
11-12 $2 11.6 tO.17 +0.20 0.24 0.30 
12---13 33 12.4 +O.18 | 0.20 0.25 0.32 
13-14 23 13.4 +0. 21 +0,.20 0,26 0.36 
14-15 6 14.4 +0, 21 0.21 0.27 0.37 
154 +) 15.9 +O0.23 +0. 21 0.20 0.41 


Note: Values under outdoor and dry storages are averages of maximum contractions for the reapec- 
tive groups regardless of age 
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The C;A content within the range covered apparently has no effect 
on expansion in the wet storage, but there is a definite increase in 
autoclave expansion with increased C;A contents. Outdoor and dry 
storages give considerably lower contractions with the lower C;A 
content cements than those in the high range. 
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Fic. 9—LINEAR CHANGES OF CEMENTS AS AFFECTED BY C;A CONTENT 


Although these data indicate general trends, it should be emphz.sized 
that many commercial cements do not follow these trends. For 
instance, some very high ©;,;A cements display less volume change 
under all three storage conditions than some cements of low C,A 
content. 

As indices of relative potential contraction among commercial 
cements, the autoclave test, CsA content, and fineness would be as 
unreliable as free lime and magnesia are in the case of delayed expan- 
sion. The use of the autoclave test for the purpose of eliminating the 
rather rare cases of excessive expansion of concrete, which are caused 
by the cement, seems fully justified. 


Discussion of the foregoing paper will be welcome if received in tri 
plicate by the Secretary of the Inatitute by December 1, 1937. For 
such discussion as may develop readers are referred to the JoURNAL 
for January-February 1938. 
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Discussion of Paper by Roy N. Young: 
The Autoclave Test and Interpretations* 
EDWARD M. BRICKETTT 


Mr. Young’s paper showing related linear changes in neat cement 
bars in the autoclave test and under typical conditions of exposure 
over fairly long periods furnishes a valuable contribution to the 
literature on the physical properties of portland cements. The paper 
deals with a subject concerning which there has been much suppos- 
ition but, to date, only meager published authentic data. One of 
the important properties of cements, strength, has been studied under 
many conditions and as a result the performance of any cement, as 
far as strength is concerned, may be predicted within sufficiently 
reasonable limits. Another important property, constancy of volume, 
has received but little attention to date, either because of lack of 
equipment and methods to measure it properly, or because its sig- 
nificance has been overshadowed by the emphasis placed on strength. 

However, it is now recognized that the volume changes in cements, 
either expansion or shrinkage, have pronounced effects upon the life 
and serviceability of concrete. In fact, experience has shown that 
in some cement products and cement specialties constancy of volume 
in the cement is more important than strength. 


Mr. Young points out that no definite relations have been estab- 
lished between the volume change characteristics of cements and the 
usual physical and chemical properties as determined in the labor- 
atory. To be sure, it is known that excessive free lime or magnesia 
will result in high expansion and Mr. Young shows a trend in the 
relations between C*A content and volume change but aside from a 
few generalities such as these no valid relations have been found which 


*Journna, Am. Concrete Inst., Sept.-Oct., 1937, Proceedings, Vol. 34, p. 13. 
tThe Thompson & Lichtner Co. Inc., Engineers, Boston, Mass. 
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can be used in predicting or controlling the volume change character- 
istics of cements. The autoclave test affords a means for indicating 
the volume changes to be expected of cements over long periods; 
it can serve as a means for selecting cements having probable low 
volume change. There is need for further research with the purpose 
of establishing the fundamentals and the principles of volume changes 
in cements so that these properties may be controlled and predicted 
just as strength may be now. 


The writer is familiar with the detailed procedure and technique 
followed in making the tests reported in Mr. Young’s paper. From 
studies of the test results and the data reported by Mr. Young, ‘it 
would appear that there are further considerations which question 
the wisdom of setting the limit of autoclave expansion as high as 1.0 
per cent as has been specified by the industry. In Fig. 7a, presented 
herewith, the average curve for the expansion of cements in wet 
storage at 70° is the same as is shown by the author in his Fig. 7. In 
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addition the curve for the autoclave expansion is shown. The ordin- 
ates and abscissae are the same as in Fig. 7. In Fig. 7a the two 
curves cross at an expansion figure slightly above 0.2 per cent and 
from there on they diverge with an ever increasing differential. 


Let us consider the significance of this differential. In the auto- 
clave, the cements are exposed to saturated steam at high temper- 
ature and high pressure. Conditions are favorable to accelerated 
hydration, and the accompanying expansion phenomena, and to auto- 
geneous healing acting to fill any small localized ruptures caused by 
expansion of individual cement particles. In wet storage at ordinary 
temperatures as expansion occurs in various particles throughout the 
mass, the resulting ruptures are not filled in as rapidly by autogeneous 
healing and as subsequent expansion occurs in adjacent particles the 
movement, in part or in whole, is taken up in closing the small gaps 
previously formed. The overall change in the length of the bars in wet 
storage consequently is less than in the autoclave but multitudinous 
internal stresses have been set up. Support for this theory is indicated 
by the fact that autoclaved bars have shown as much as 12 per cent 
expansion without actually falling to pieces whereas it is certain 
that no bars in the other storages could show any such expansion and 
still hold together. The logical explanation would seem to be that 
rapid autogeneous healing in the autoclave has resulted in the main- 
tenance of continuity of structure and the redistribution of stresses. 

l'rom the above discussion and with reference to Fig. 7a it is logical 
to consider the autoclave expansions as representing the maximum 
potential expansions in the cements and the wet storage expansions 
as showing the changes in the overall lengths of the bars after many 
of the localized expansive movements have acted to offset each other 
and after multitudinous internal stresses have been generated and 
are acting to resist the expansive movements. The greater the dif- 
ferential between the autoclaved bars and the wet storage bars the 
greater must be the magnitude of the internal strains and stresses 
in the wet storage bars. 


A comparison of autoclaved bars with corresponding bars in the 
outdoor and the dry storage is complicated by the indefinite 
effects of moisture on the measured length of the bar and the in- 
definite degree of hydration in the last two storages. Nevertheless, 
it is important to note from Fig. 7 that the curves for these two stor- 
ages attain their maximum shrinkage points near the same critical 
autoclave expansion of 0.2 per cent and, as the autoclave expansion 
increases from there, the two curves show an upturn, indicating 
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again the presence of expansive strains and accompanying internal 
stresses. The curve for the dry storage is steeper than that for 
the wet storage as the autoclave expansion increases above 0.4 
per cent. This may be due to greater plastic flow in the dry 
bars as indicated in a recent study of plastic flow in concrete. In 
this study it was stated that water-stored specimens had less plastic 
flow than did air-stored specimens. 

Any estimate of the elastic linear change of the cements shows 
conclusively that the strains set up by the expansive movements 
greatly exceed any strains within the elastic limit. These elastic 
strains are on the order of from three to five one-hundredths of one 
per cent whereas the differentials in Fig. 7a are as much as one-half of 
one per cent. 


From Fig. 7a it is reasonable to conclude that up to an expansion 
of slightly more than 0.2 per cent the expansion in the wet storage 
is so close to the maximum potential expansion, as indicated by the 
autoclave test, that there are no undue strains throughout the strue- 
ture. However, as this critical expansion is exceeded, and as the two 
curves diverge, then internal strains are set up. The strains and 
consequent stresses at expansions just above the critical point are 
within the elastic limit but shortly thereafter the limit is exceeded 
and actual rupture must occur except as it may be relieved by plastic 
flow and autogeneous healing. As a result of this reasoning, the 
writer is convinced that certainly the best cements will be found with 
autoclave expansions at or below the critical figure, which is shown 
in Fig. 7 as 0.22 per cent as obtained in the autoclave test as per- 
formed in the work described by Mr. Young. 


Mr. Young’s paper deals almost wholly with expansion of cements. 
Certainly any test which will indicate the expansive tendencies of 
cements is a valuable adjunct to our present mediums for measuring 
cement quality. But it is equally important that cements with high 
shrinkage characteristics be avoided. There are cements, such as 
are typified in Fig. 8, which in the autoclave test show low expansion 
but show excessive shrinkage in dry storage. These cements appar- 
ently have a pronounced tendency to shrink and this tendency can 
be detected in a reasonably short time—surely not over 28 days 
by measuring the length changes of bars in the dry storage. In 
measuring the shrinkage in dry storage the specimens are removed 
from the molds at 24 hours, are measured then to get the basic 
length and are placed immediately in storage at 70° F. and 50 per cent 





* Plastic Flow in Concrete,” R. E. Davis, H. E. Davie and E. H. Brown, Engineering News-Record 
Vol. 119, p. 180. 
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relative humidity. All subsequent length measurements are referred 
to the basic reading for determination of change of length. 

The autoclave exposure, gaging expansion, should be accompanied 
by the measurement of bars in dry storage for indication of shrinkage 
if the test for degree of volume constancy is to be complete. While 
the test for shrinkage cannot be carried out in as short a time as the 
autoclave test for expansion, it nevertheless is important and should 
be made. It is to be hoped that further search may lead to the devel- 
opment of an accelerated test for shrinkage. 


AUTHOR’S CLOSURE 


Mr. Brickett’s discussion of my paper contains much that should 
stimulate thought and hasten our efforts toward a better understand- 
ing of the important property of portland cement, volume change. 

I shall confine further comments to the argument made by Mr. 
Brickett in substantiation of the following statement: “‘From studies 
of the test results and the data reported by Mr. Young, it would 
appear that there are further considerations which question the wis- 
dom of setting the limit of autoclave expansion as high as 1.0 per cent 
as has been specified by the industry.” 

With reference to Fig. 7a, important interpretations were derived 
from the position of the curve representing autoclave expansions 
relative to that representing wet storage expansions. It was reasoned 
that the point of their intersection indicates the autoclave expansions 
at which there would be no internal stresses in wet storage specimens 
and that the diverging of the curves toward the right indicates in- 
creasing internal stresses in the wet storage specimens. These in- 
creasing stresses tend toward inereasing expansion of the bars. Up to 
this point the theory is not in conflict with the test data. If the other 
portions of the curves are examined, we see that they diverge toward 
the left of their intersection and, by the same reasoning, the stresses 
in the wet bars increase. But the relative positions of the curves 
have been reversed, indicating that the predominating stresses have 
changed direction, thus creating a tendency toward contraction of 
the wet storage bars instead of expansion. It is obvious that the 
reasoning here is in conflict with the data. 

Apparently Mr. Brickett has overlooked the fact that the relative 
positions of the two curves as shown is only a coincidence and that 
the point of their intersection is fixed at an autoclave expansion of 
0.22 per cent only by reason of arbitrary conditions. 

It should be remembered that the wet storage curve represents 
linear expansions which have occurred during the 4-year period. If 
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expansions at the 28-day period had been used, the position of the 
wet storage curve would have been much lower and the two curves 
would have intersected at or very near the zero point. The auto- 
clave tests were made at the 24-hour period and can be considered 
as indices of the maximum potential expansion only at that period. 
Data not yet published show that a postponement of the autoclave 
test beyond the 24-hour period results in lower autoclave expansion. 
Autoclave tests made at the 7-day period gave expansions about one- 
half those obtained at the 24-hour period. Under these conditions 
the autoclave expansion curve would intersect the wet storage curve 
farther to the right, and by choice of test conditions the intersection 
can be made to fall at 0.6 per cent autoclave expansion, which is 
approximately equivalent to 1.0 per cent by the Portland Cement 
Association method of test, the upper limit adopted by the cement 
industry. 


The following data pertaining to cements autoclaved after 8 years 
storage will be of interest: 


| 


Linear Change Autoclave Expansion 


1 
} 
Cement Storage _ - 
4 Yrs | 8 Yrs 24 Hrs 8 Yrs 
iuniememieneniarei * = f cimemseremnsduns . ——} 
1 Wet | +0.31% +0. 40% | +12.0% | +0 .03% 
2 | Outside —{).03 +0 .02 | Disintegrated +0.01 


Even though extremely high expansions were obtained in the auto- 
clave test at the 24-hour period, after 8 years, the autoclave treat- 
ment of specimens from both the wet and outside storages gave neg- 
ligible increases in linear measurements beyond the original. This 
dissipation of potential volume change may be explained by the slow 
diffusion of the products, which create the major expansive forces, 
into the voids of the cement where crystallization can take place 
unrestricted. This applies especially to calcium hydroxide, as an 
examination of old cement specimens stored under moist conditions 
will show. It is conceivable that the filling of voids in this way by 
the calcium hydroxide of increased volume will result in greater 
density of the mass. 


If it were true that the magnitude of the internal stresses in the 
wet storage bars at the later ages is indicated by the autoclave test 
at 24 hours, as suggested by Mr. Brickett, it should be reflected in 
the rate of strength gain. Concrete strengths up to 10 years have 
been determined for a number of cements ranging in autoclave ex- 
pansion from low up to disintegration, and for many cements up to 
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3 and 4 years. No case of retrogression in strength has been found 
and apparently no abnormal strength behavior has occurred even 
with the cements of highest autoclave expansion. 


I am of the opinion that no indication is given by the data in my 
paper that the upper limit of 1.0 per cent autoclave expansion by the 
Portland Cement Association test method, is too high for the purpose 
intended. 


It should be kept in mind that the object of this specification was 
to insure against some cases of unsoundness that the standard steam 
test would not eliminate—not to control expansion within the range 
found among portland cements that have shown no tendency in the 
field toward excessive expansion in concrete. 
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Length Changes of Cement Paste in Relation to Combined 
Water* 


By YASHICHI YOSHIDAT 


MEMBER AMERICAN CONCRETE INSTITUTE 
INTRODUCTION 


THE PRIMARY purpose of the investigation reported herein was to 
correlate volume changes resulting from moisture changes in concrete 
with the corresponding changes in water content of the cement paste. 

b It has been well established that the greater portion of hygral volume 
change occurs in the paste portion of the concrete. It was considered 
desirable to determine, at least approximately, the amounts of water 
existing in various states within the paste and to compare these 
amounts with observed length changes. As the investigation pro- 
gressed, it became apparent that carbonation affected the water 
content and therefore indirectly affected the volume change; and 
studies of carbonation were included. 

It is not within the scope of this paper to discuss the crystal theory 
or the gel theory of cement hydration and hydrolysis.'. Proponents 
of both theories agree that in a hardening cement paste there is an 
increase in the amount of water which is so firmly combined that it 
can not be evaporated at temperatures somewhat above the boiling 
point of water; herein such water is called fixed water. The water 
which can be driven off at such a temperature is called non-fixed 
water; it apparently includes both free water contained in the pores 

} and capable of being evaporated at ordinary temperatures and water 
in an intermediate state of fixation, called “‘sorbed”’ water,?* or ‘“‘col- 
loidal’”’ water.‘ 


One of the products of the combination between water and cement 





*Received by the Institute Secretary, Aug. 17, 1937 


tProfessor of Civil Engineering, Kumamoto Technical College, Kumamoto, Japan. 
‘References will be found at the end of the paper. 
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is calcium hydroxide. If this calcium hydroxide is exposed to carbon 
dioxide from the air or water surrounding the paste, calcium carbonate 
is formed* in accordance with the following relation: 


74 44 100 18 
Ca(OH): + CO, ——> CaCO; + H20 


The foregoing equation shows that the formation of calcium car- 
bonate is accompanied by the release of water, in the proportion 18/44 
or 0.41 of the weight of carbon dioxide absorbed. This water, herein 
called water of carbonation, is released as non-fixed water, and at any 
age of paste hardening its amount constitutes the difference between 
the total amount of water of hydration and hydrolysis and the amount 
of fixed water. 

The amount of carbon dioxide combined with calcium hydroxide 
can be determined by chemical analysis. The loss on ignition of a 
hardened paste represents the sum of the carbon dioxide and the water 
contained in the paste before ignition. If the paste is oven-dried to 
drive off the non-fixed water, the loss on ignition of the oven-dried 
paste represents the sum of the carbon dioxide and the fixed water; 
this relation was used to determine the amount of fixed water in the 
tests of this investigation. 

The relations existing between water in the various states, combined 


*The carbonation of exposed surfaces of concrete in normal service may extend inward for distances 
of the order of one inch5; under moist conditions it is of value in protecting marine structures against 
the corrosive action of sea water, but under dry conditions it may be the major cause of crazing.® 
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carbon dioxide, and loss on ignition are shown in Fig. 1. In these 
tests it was not possible to determine the separate amounts of free 
water and sorbed water in the non-fixed water, nor to determine the 
separate amount of water of hydrolysis as distinguished from the 
water of hydration. 


TABLE 1—PROPERTIES OF THE CEMENT 


Chemical analysis, per cent 


SiO... oh baa ee oS eee a a 
Fe.O3. >A By i tee es. 2.21 
Al.Os. . : a2 : .. 6.35 
CaO.... te See eae 64.56 
MgO. 4 2.07 
a eee as vouatend odea'ey? eae 
Loss on ignition nls oe 
RR sips: is Bemis ’ ' 7 al seeks ae 0.41 
Free lime (estimated) a .. 0.8 
Insoluble residue. .... .. pp ise aia Soc euler 
Calculated compound composition, per cent 
Tricalcium silicate (3CS). .. fo te 3 Becca Meee 50 
Dicalcium silicate (2CS). . re ee eee eee 23 
Tricalcium aluminate (8CA)........ whi hess ii a8 ee 13 
Tetracalcium alumino-ferrite (4CAF) . ai See et es 7 
Fineness 
Per cent passing No. 200 sieve (dry).................... Tee re: 
Per cent passing No. 325 sieve (dry)............... ph Serie 85.7 
Specific surface (Klein turbidimeter), sq. cm. per g....... iSite a ene tere 1600 
Specie STAVILY ..... 65.6. oc cee ee pat inca a 
Percentage of water for normal consistency........................... .. 24.5 
Time of setting (Gillmore), hr. : min. 
Initial Peet ante tes eee ere Ry ae eee? 3: 50 
Ee ick ine cba laid n ierahe Ae es ree 5 ok eee ee 5 : 40 
Tensile strength of standard mortar, p.s.i. 
(2 aoe ee eee rere Pere ee 175 
3 Days em all 5g 
7 Days. ale : 5 xk ane 
28 Days . ! Pe 5 ei a Ry: 545 
3 Months. . . ” ; oe - SEES Te 
6 Months. one See bird hee ve Teac hes eee 
1 Year... ee re ee ee ee bah Als latetentonae! 560 


TEST CONDITIONS 

One portland cement of normal characteristics (see Table 1) was 
employed in all of the tests of this investigation. Two water-cement 
ratios, 0.40 and 0.56 by weight, were employed throughout. All speci- 
mens were manufactured in a room maintained at a high degree of 
humidity. There were five storage conditions, all at 70° F., as follows: 

Continuously moist (in fog). 

Moist for 7 days, then in air of relative humidity 95 per cent. 
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Moist for 7 days, then in air of relative humidity 50 per cent. 

Moist for 28 days, then in air of relative humidity 95 per cent. 

Moist for 28 days, then in air of relative humidity 50 per cent. 

The direct tests included determinations of the following, at various 
ages up to one year: 

Non-fixed water lost by paste upon oven-drying at 230°F. (110°C.). 

Loss on ignition (950°C.) of undried paste. 

Loss on ignition (950°C.) of oven-dried paste. 

Carbon dioxide content of paste. 

Compressive strength of 34 by 11;-in. cylinders of oven-dried paste. 

Length change and weight change of 4 by 6-in. paste and mortar pencils. 

Length change and weight change of 114 by 114 by 12-in. paste, mortar, and con- 
crete bars. 

From the test data there were computed the amounts of fixed water, 
water of carbonation, water of hydration and hydrolysis, and total 
water. Also, the test data afforded checks on the amount of non-fixed 
water and total water. 

Determinations of Water Content and Combined Carbon Dioxide Content 
of Hardened Cement Paste 

Each neat-cement paste was mixed and poured into °4 by 24-in. 
vials. The vials were sealed and then rotated at 2 r.p.m. for 24 hours 
in order to prevent settlement of the cement in the relatively large 
quantity of water used in the paste. At the age of 7 days (at the age of 
test for 1 and 3-day tests) the vials were broken off, and the cylinders 
were stored under the scheduled condition of humidity. 

At the age of test, each cylinder was sawed in half, and one half 
was pulverized. The ends of the remaining cylinders were ground 
plane. The cylinders and samples of the pulverized material were 
then placed in weighed bottles and weighed. Auxiliary tests showed 
that no appreciable change in water content occurred during the pre- 
liminary storage in sealed vials or during the time (approximately 
5 minutes) of preparing the specimens for drying. 

The specimens, in the open bottles, were dried at 230°F. (110°C.) 
for 24 hours in an electrically heated and controlled oven through 
which was passed a stream of dry air free from carbon dioxide. Tests 
by Wilson and Martin’ and auxiliary tests by the author indicate that 
drying is practically completed within 24 hours. At the end of the 
drying period, the bottles were stoppered, cooled to 70°F. in a desicea- 
tor, and weighed. The compressive strength of the oven-dried 
cylinders was then determined. 

The loss on ignition of undried and oven-dried paste was determined 
as follows: Approximately one gram of the pulverized hardened paste 

ras weighed in a 20-ml platinum crucible. The covered crucible was 
stored for 15 hours in an electric oven maintained at approximately 
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950°C. The crucible was then cooled in a desiccator for 30 minutes 
and weighed. Auxiliary tests showed no measurable change in the 
water content during the preliminary weighing or change in the carbon 
dioxide content during the cooling period. 

The amount of carbon dioxide combined with calcium hydroxide 
in the paste was determined by decomposing the calcium carbonate 
with dilute hydrochloric acid. The liberated carbon dioxide was 
adsorbed by soda asbestos (‘‘ascarite”’) after it had been freed from 
other gases by being passed through a purifying train. 

Determinations of Length Change 

For determinations of length change, two types of specimen were 
used: 1% by 6-in. pencils of paste and mortar, and 1% by 1% by 12-in. 
bars of paste, mortar, and concrete. 

Pencils —The pencil type of specimen was adopted because of its 
small size and its high ratio of length to diameter. The mortars for 
pencil specimens contained graded (0 to No. 20) Ottawa sand having 
a fineness modulus of 2.35. The cement-aggregate ratios were 1:2 and 
1:3 by weight. As in all other tests of this investigation, water-cement 
ratios of 0.40 and 0.56 were employed. 

The pastes and mortars were mixed for 5 minutes. After a fixed 
period determined by preliminary trial, the pastes and mortars were 
remixed for 5 minutes in order to reincorporate the water which, for 
the relatively high water-cement ratios employed, rose to the surface 
after the first mixing. Auxiliary tests on pastes showed that the length 
change or weight change referred to the age of 2 days was affected 
but little by the time of mixing within the range of 114 to 10 minutes, 
or by remixing the paste for 5 minutes at any time up to the time of 
initial setting. 

The paste and mortar pencils were cast in a vertical position, in 
split metal molds. The specimens were cast in 3 layers, each layer 
being puddled with a ;g-in. wire. A stainless steel gage plug with con- 
vex projecting end was cast in each end of each pencil. The molds 
were removed at the age of 2 days. Observations of length change 
referred to the length at 2 days were made at intervals up to 1 year, 
by means of a dial gage. 

Bars.—¥or each of the two water-cement ratios, ten mixes of paste, 
mortar, or concrete were employed in the manufacture of 14% by 1% 
by 12-in. bars for determination of length changes. Owing to space 
limitations, this paper gives the results on only five of the mixes 
(neat paste, 1:2 and 1:3 mortar, 1:3 and 1:5.6 conerete). All propor- 
tions were measured by weight. The principal characteristics of the 
aggregates were as follows: 
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Sand for Mortar Mixed Aggregate 


and Concrete for Concrete 
SR Se ea ae + 0 to No. 8 0 to % in. 
i ig Sb nd wv aes es 2.57 4.85 
EE = ee a ee , 2.62 2.70 
Abeeeption, per cent.................... ae 0.7 0.8 


The pastes employed in the various mixes were mixed for 5 minutes. 
After a fixed period determined by preliminary trial, the aggregate 
was added and the mass was mixed with two trowels for an additional 
5 minutes. The (horizontal) molds were filled in one layer, then the 
mix was puddled with the fingers and the mass was compacted by 
external vibration of the table. Strain-gage plugs were cast in the top 
and bottom surfaces of the specimens, at a gage length of 10 inches. 
The molds were removed at the age of 2 days. Observations of length 
change referred to the length at 2 days were made at intervals up to 
1 year. 

DISCUSSION OF TEST DATA 

It is to be recalled that these tests were made on one normal port- 
land cement, with two water-cement ratios and five conditions of 
storage at 70°F. All proportions are stated by*weight. For the pastes, 
the various percentages of water shown in the tables and diagrams 
are based on the weight of ignited paste which is the same as the 
weight of ignited cement. If it is desired to express these quantities 
of water in terms of the amount per unit volume of paste, it is only 
necessary to remember that 1 ml of the paste having a water-cement 
ratio of 0.40 contains 1.41 grams of ignited cement and that 1 ml of 
the paste having a water-cement ratio of 0.56 contains 1.14 grams of 
ignited eement. 


Combined Carbon Dioxide 


The amount of carbon dioxide combined with calcium hydroxide 
to form calcium carbonate is shown in Table 2, at various ages up to 
1 year. The tests were made at five ages only, and the values at 


TABLE 2—COMBINED CARBON DIOXIDE IN HARDENED CEMENT PASTE 


| Age at Rel. Hum. | 
W/C, | Exposure | of Air, | Carbon Dioxide, Per Cent of Ignited Weight 
| oF - 


by Wt. | to Air, | C . 
Days (70°F.) 7 da. | 14da. | 28da. | 35da. | 2 mo. | 3 mo. |6 mo. |9 mo. | Ll yr 
_ | (Fog) | 0.3] 0.5] 0.7] 0.8 | 1.2] 1.5] 2.1] 2.2] 2.3 
7 re —| 06] 09] 1.2| 1.9] 2.6 | 3:81 4.5| 5.0 
0.40 | 7 | 50 | 1.4] 3.0] 3.6] 5.8 | 8.0 | 12.6 | 16.0 | 19.1 
28 | 95 . —}—/ 0.8} 1.5] 1.8 | 3.5 | 2.6 | 3.0 
28 50 | - _ — | 1.0 Ati 231 261 44 5.0 
| — / Cae. | OS @6 1.4.9 | 2.21 1.7 .1..36 | S61 3:61 8.4 
“es tek ee 1:0] 1.9] 2.3] 3:5] 4:5] 6.5 | 7.5 | 8.0 
0.56 | 7 50 | 2.2] 5.2] 6.5 | 10.5 | 13.7 | 19.3 | 22.5 | 24.8 
a ae. 15] 2.3] 3.2] 4.9] 5.5] 5.8 
| 28 50 1 SF) £8 | 281.083 | 14.8 
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other ages were obtained by interpolation. It is important to note 
that carbonation is appreciable even under the condition of moist 
storage (in fog), and that under the extreme condition the amount of 
combined carbon dioxide equals 25 per cent of the weight of the cement. 
Other things being equal, the carbonation is greater for higher water- 
cement ratios, for longer periods of exposure, for earlier ages of exposure 
to drying conditions, and for lower humidity of the air. Presumably 
the carbon dioxide content of the atmosphere would influence the rate 
and amount of carbonation, but this factor was not studied in the 
investigation. With regard to exposure to air, the tests were conducted 
under normal laboratory conditions. 

It will be borne in mind that these tests were made on relatively 
small specimens (34-in. cylinders), and that in larger masses of concrete 
the effect of carbonation will be confined largely to the region near the 
surface. However, this region is of particular importance with regard 
to surface cracking and weathering; and it believed that increased 
attention to the role of carbon dioxide in volume change is justified. 
Fixed Water; Water of Hydration and Hydrolysis 

Herein fixed water is taken as that which is so firmly combined that 
it is not driven off by oven-drying at 230°F. It is determined as the 
loss on ignition of oven-dried paste less the combined carbon dioxide. 
The total water of hydration and hydrolysis is not determinable by 
direct test; it is taken as the sum of the fixed water and the water of 
-arbonation which is 0.41 times the weight of combined carbon dioxide. 

In Fig. 2, it is seen that for storage in fog or in air of high relative 
humidity (95 per cent), the water of hydration and hydrolysis increases 
at a decreasing rate up to the age of 1 year, but that owing to the 
effect of carbonation the amount of fixed water remains substantially 
constant at the later ages. For storage in dry air (Fig. 3), at the later 
ages the water of hydration and hydrolysis remains substantially 
constant while the amount of fixed water actually decreases. The 
decrease in fixed water is greater when the specimens are exposed to 
the air at the earlier age (7 days), since in this case the amount of 
carbonation is greater. 

The irregularities of test have not been smoothed out in plotting the 
curves of Fig. 2 and 3. The variations with time at the later ages, 
particularly when there is little water remaining in the paste (Fig. 3) 
and the specimens are sensitive to changes in humidity, are not con- 
sidered significant. 

The amount of fixed water per gram of cement tends to be higher for 
a water-cement ratio of 0.56 than for a water-cement ratio of 0.40 so 
long as moist conditions prevail, but as drying and carbonation occur 
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the amounts of fixed water approach equality as between the two 
water-cement ratios (Fig. 2 and 3). Per unit volume of paste, both the 
fixed water and the water of hydration and hydrolysis are greater for 
the lower than for the higher water-cement ratio. 

Non-fized Water 

The amount of non-fixed water determined by oven-drying the 
pulverized samples of hardened paste is given in Table 3, and these 
values are shown graphically in Fig. 2 and 3. Reasonable checks were 
obtained between the amounts of non-fixed water determined by 
oven-drying and the amounts computed by difference between the 
losses on ignition of undried and oven-dried pastes. It is to be noted 
that the non-fixed water includes the water released by carbonation. 
Changes in the amount of non-fixed water are due to differences in 
vapor pressure of water in the pores and that of the surroundings; 
evaporation or adsorption occur until the two vapor pressures are in 
equilibrium. 

Under moist conditions (fog), after a few days of storage the amount 
of non-fixed water in a given paste remains approximately constant 
(Table 3). When the paste is stored in air of high relative humidity 
(95 per cent), the amount of non-fixed water decreases slightly with 
age. In dry air, the decrease in non-fixed water is considerable. 

The amount of non-fixed water remaining in the paste at the later 
ages is greater for the paste exposed to drying at the age of 28 days 
than for corresponding paste exposed to drying at the age of 7 days. 
This relation suggests that the continuation of curing has developed a 
denser paste with smaller pores. 


Particularly noteworthy is the fact that, under drying conditions, 
at the later ages the amount of non-fixed water remaining in the pastes 
of water-cement ratio 0.56 approaches the same value as that for the 
pastes of water-cement ratio 0.40 (Fig. 3). This relation suggests the 


TABLE 3—-NON-FIXED WATER IN HARDENED PASTE 


Age at Rel. Hun 


W/C, | Exposure of Air, Loss in Weight, Per Cent of Ignited Weight 
by Wt to Air, % 
Days (70°F) Ida.| da. |7 da. |14da. |28da. |45da.|2 mo.\4 mo.\6 mo. 9 mo. lyr 
Fog) 30.1) 27.4) 25.2) 25.5) 26.5) 24.3) 24:5 25.9) 27.1) 25.4) 26.5 
7 95 24.7) 21.9) 22.4) 21.8) 21.5) 21.3) 20.4) 19.8 
0.40 7 WO 16.0) 143.2) 13.1) 11.9) 11.4 0.4 9.2 %.4 
; OS | 25.1) 24.8%) 23.1] 28.9) 24.2) 21.3 
2s yO 18.5) 15.9) 14.7) 13.1) 12.6) 12.4 
Fog) $4.1) 40.1) 38.8) 41.3) 40.9) 39.9) 40.0) 40.4) 38.2) 326.7) 40.7 
7 V5 31.8) 28.5) 27.9) 28.7) 27.6) 41.1) 27.2) 25.9 
0.56 7 W 16.3) 14.4) 14.2] 11.4) 10.6 7.6 0.0 7.5 
25 5 42.7!) 20.6) 20.4) 41.9) 28.2) 30.2 
25 WO 22.7) 17.9) 15.3] 13.6 2.5) 11.2 
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possibility that the amount of non-fixed water retained is related to 
the cement content rather than to the amount of pore space. 


Gained and Evaporated Water 


In Fig. 2 and 3 is shown the total water content of the various 
pastes at ages up to 1 year. Under moist storage conditions (fog), 
some water is gradually added to the paste in about the same amount 
as the increase in water of hydration and hydrolysis. Under the con- 
dition of storage in air of high humidity the total water content remains 
approximately constant, the increase in water of hydration and hydrol- 
ysis being balanced by the decrease in non-fixed water. In dry 
storage, the total water content decreases considerably. The loss of 
water by evaporation is greater for a water-cement ratio of 0.56 than 
for a water-cement ratio of 0.40, and is greater for exposure to drying 
at the age of 7 days than for exposure at 28 days. 

Compressive Strength 

In Fig. 2 and 3, it is seen that for a given water-cement ratio the 
compressive strength develops more nearly in accordance with the 
water of hydration and hydrolysis than with the fixed water. As 
between the two water-cement ratios, the compressive strength is 
related more nearly to the water of hydration and hydrolysis per unit 
volume of paste than to the amount of this water per unit quantity 
of cement as shown in the diagrams. 

Length Change 

Neat Pencils.—In Fig. 2 is shown the length change of neat-cement 
pencils stored in fog and in air of high relative humidity. The expan- 
sion in fog increases at a decreasing rate with age, in approximate 
proportion to the increase in the water of hydration and hydrolysis 
and in the total water. In the humid air, the paste remains nearly at 
constant length—perhaps the slight expansive effect of increase in 
water of hydration and hydrolysis is balanced by the contractive 
effect of the slight decrease in non-fixed water, which is the main cause 
of shrinkage. Since expansion occurs under moist conditions and con- 
traction occurs under dry conditions, there must be an intermediate 
condition of humidity at which neither expansion nor contraction will 
occur; it appears that this neutral condition is approached by the 
storage in air of 95 per cent relative humidity. 


As shown in Fig. 5, the shrinkage of neat-cement pencils stored in 
dry air after preliminary moist curing increases approximately as 
the logarithm of the age; apparently the slight expansive effect due to 
continued hydration is masked by the much larger contractive effect 
due to loss of water. The proportionality between shrinkage and loss 
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Mortar contains graded (0 to No. 20) Ottawa sand; F. M. = 2.35. Specimens /4\by 
6-in. pencils and 14% by 1% by 12-in. bars. Preliminary storage moist. 


of water by evaporation is shown by the right-hand diagram of Fig. 4; 
for three of the four pastes the curves if extended would pass through 
the origin. For the paste of high water-cement ratio exposed to drying 
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at the early age of 7 days, during the first few days of drying the water 
loss is relatively greater than the shrinkage, but soon a condition of 
proportionality is attained. 

The relation between shrinkage and loss in weight of the paste is 
shown in the left-hand diagram of Fig. 4. So long as carbonation is 
not appreciable, the weight loss is the same as the loss of water by 
evaporation, and the shrinkage is generally proportional to the weight 
loss. As carbonation proceeds, however, the shrinkage continues to 
increase whereas the weight actually becomes greater owing to the 
addition of carbon dioxide from the surrounding air. 

Mortar Pencils —The shrinkage upon drying of 1:2 and 1:3 mortar 
pencils is shown in Fig. 5. These values serve to confirm the previous 
statements regarding neat pencils since, after a few days of drying, 
the shrinkage of a given mortar tends to bear a constant ratio to the 
shrinkage of the corresponding paste. The approximate average of 
mortar to paste shrinkage at ages of drying greater than one week 
are shown in Table 4. 


TABLE 4 
Absolute Volume Ratio of Mortar Shrinkage 
of Paste in Mix, to Paste Shrinkage, 
Mix Per Cent Per Cent 


W/C = 0.40 W/C = 0.56 W/C = 0.40 | W/C = 0.56 


Neat paste L100 100 100 | 100 
1 ; 2 Mortar 1 D4 31 32 
1: 3 Mortar 37 13 23 24 


It is seen that the ratio of mortar shrinkage to paste shrinkage is 
practically the same for a water-cement ratio of 0.56 as that for a 
water-cement ratio of 0.40. The foregoing tabulation further shows 
that the relative shrinkage (length change) of the mortar with respect 
to the paste is roughly two thirds of the percentage by volume of 
paste in the mortar. Since within the range of length change here 
considered the unit length change is equal to one third of the unit 
volume change, the relative shrinkage of the mortars is roughly twice 
that which might be expected from consideration of the paste content. 

The various curves of Fig. 5 consistently confirm the well-known 
relation to the effect that the higher the water-cement ratio, the greater 


the shrinkage. On the whole, the specimens exposed to drying condi- 
tions at the age of 28 days exhibit less gross shrinkage, especially at 
the later ages, than the specimens exposed to drying at the early age 
of 7 days. Since the longer preliminary curing period also results in 
a larger initial expansion, an appreciable reduction in ultimate net 
shrinkage may be expected through extension of the moist-curing 
period from 7 to 28 days. 
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Bars.—Specimens in the form of 1% by 1% by 12-in. bars 
were included in the investigation in order that concretes couid be 
tested. The effect of size of specimen, as between neat bars of this 
type and the neat-cement pencils previously discussed, is shown by 
the two lower curves in each section of Fig. 5. As would be expected, 
the larger specimens shrink less than the pencils since they dry out 
more slowly; thus the bars are subjected to a greater restraint of the 
moist interior and a greater expansive effect due to continued hydra- 
tion. However, at the later ages, the rate of shrinkage of the bars 
approaches that of the pencils. 

In Fig. 6 is shown the shrinkage of 14% by 1% by 12-in. bars of 
paste, mortar, and concrete. These test results tend to confirm the 
tests on pencils and are in accordance with established findings, in 
that lower shrinkage is obtained by lowering the water-cement ratio, 
by decreasing the cement content, or by curing for a longer period 
before exposure to drying. 
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Fic. 6—SHRINKAGE OF NEAT, MORTAR, AND CONCRETE BARS IN AIR OF 
50 PER CENT RELATIVE HUMIDITY 


Mortar contains 0 to No. 8 local sand; F. M. = 2.57. Concrete contains 0 to 34-in. 
local gravel; F. M. = 4.85. Specimens 14% by 1% by 12-in. bars. Preliminary 
storage moist. 
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The 1:3 concretes shrink considerably less than the 1:3 mortars 
having the same water-cement ratio, even though the paste content of 
the concretes is slightly greater than that of the mortars. This 
difference in shrinkage is probably due to the difference in restraint 
offered by the individual aggregate particles; the larger the particle 
the greater the length over which shrinkage of the surrounding paste 
is restrained. 

CONCLUSIONS 

These conclusions apply to the conditions of these tests which 
include one normal portland cement; two water-cement ratios (0.40 
and 0.56 by weight); specimens in the form of 34-in. cylinders, 4% by 
6-in. pencils, and 14% by 1% by 12-in. bars; storage at 70°F. under 
three moisture conditions (fog, air of 95 percent relative humidity, 
and air of 50 per cent relative humidity); and exposure to air at two 
ages (7 and 28 days). Generally the conclusions are based on direct 
tests of neat paste, although with regard to length change these observ- 
ations are supplemented by tests on several mortars and concretes. 

1. Near the exposed surface of concrete, carbon dioxide from the 
surroundings gradually combines with calcium hydroxide liberated 
by cement hydrolysis, to form calcium carbonate and water. The 
amount of carbonation is appreciable under moist conditions and is 
considerable under dry conditions. The earlier the age of exposure, 
the greater the carbonation. The higher the water-cement ratio, the 
greater the carbonation per unit of cement but the less the carbonation 
per unit volume of hardened paste. 

2. The water of hydration and hydrolysis increases with age (at a 
decreasing rate) under moist conditions, and remains substantially 
constant under dry conditions. The water of hydration and hydrolysis 
per unit of cement is slightly greater for a water-cement ratio of 0.56 
than for a water-cement ratio of 0.40. 

3. At any age, the fixed water in a cement paste is equal to the 
total water of hydration and hydrolysis less the water released by 
carbonation. Under moist conditions, the fixed water increases with 
age; under dry conditions, it decreases at the later ages owing to 
carbonation. Per unit of cement, the fixed water is affected but little 
by differences in water-cement ratio, but it is greater for a paste well 
cured before exposure to drying than for a paste subjected to drying 
at an early age. 

4. The compressive strength of hardened paste is related more 
nearly to the water of hydration and hydrolysis than to the fixed 
water. It is related more nearly to the amount of this water per unit 
volume of paste than to the amount per unit quantity of cement. 
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5. Under the condition of storage in dry air, the non-fixed water per 
unit of cement in a paste tends to approach a constant value which 
is the same for water-cement ratios of 0.40 and 0.56 but which is 
greater for a well-cured paste than for a paste subjected to drying at 
an early age. 

6. The total amount of water in a hardening paste increases some- 
what under moist conditions (fog), remains approximately constant 
for storage in air of high relative humidity (95 per cent), and decreases 
considerably in dry air. The higher the water-cement ratio and the 
sarlier the exposure to drying, the greater the loss of water from the 
paste. 

7. Under moist conditions, the expansion of a given paste is approxi- 
mately proportional to the increase in water of hydration and hydroly- 
sis. The higher the water-cement ratio and the greater the amount of 
paste in the mix, the greater the expansion. 

8. The shrinkage of hardening paste exposed to drying is related to 
the loss of non-fixed water rather than to the loss in weight, which is 
affected by carbonation. Generally the shrinkage is directly propor- 
tional to the loss of water; but for paste of relatively high water-cement 
ratio which is exposed to drying at an early age, within the first few 
days of drying the shrinkage is low in relation to the loss of water. 

9. The higher the relative humidity of the surrounding air, the less 
the shrinkage. At a relative humidity of about 95 per cent (at 70°F.), 
the paste remains practically constant in length. Under moist condi- 
tions (fog or water storage), the paste expands somewhat. 

10. It is not known that the amount of combined carbon dioxide 
had any direct effect on shrinkage in these tests, although the one 
paste in which carbonation was greatest exhibited by far the greatest 
shrinkage. Carbonation exerts an indirect effect on shrinkage since 
it releases water which is available for evaporation. 

11. With regard to length change, fairly consistent relations are 
obtained as between two types of specimen—) by 6-in. pencils and 
1% by 1% by 12-in. bars. Under dry conditions, at the early ages 
the larger specimens (bars) shrink less than the smaller specimens 
(pencils) owing to their slower rate of drying and also to the restraining 
effect of the moist interior. 

12. With regard to length change, fairly consistent relations are 
obtained as between either various concretes or various mortars and 
corresponding neat-cement pastes. However, for a given water-cement 
ratio, the shrinkage of a 1:3 concrete is less than that of a 1:3 mortar, 
even though the concrete contains somewhat more paste than the 
mortar. 
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Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by December 1, 1937. For 
such discussion as may deve lop readers are referred to the JOURNAL 
for January-February 1938. 
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Length changes of Cement Paste in relation to 
combined Water.* 


EDWARD W. SCRIPTURET 


The author of this paper notes that at the later ages the amount of 
non-fixed water remaining in the pastes of water-cement ratio 0.56 
approaches the same value as that for the pastes of water-cement 
ratio 0.40. He then states “This relation suggests the possibility 
that the amount of non-fixed water retained is related to the cement 
content rather than to the amount of pore space.”’ This is a possible 
explanation presumably depending on some kind of loose absorption 
of water by the hydrated cement. Another explanation is, however, 
that the non-fixed water depends on the size of the capillary voids 
rather than on the total pore space. 


In the paste with lower water cement ratio the cement particles are 
closer together; hence the capillaries are smaller. The smaller the 
capillaries the lower will be the vapor pressure of the water in them 
so that under given conditions the greater will be the amount of 
water retained. It is, therefore, to be expected that in two solids 
containing capillaries of different sizes a higher ratio of water re- 
tained to total pore space will obtain in that one which has the smaller 
capillaries. 


*JourRNAL, Am. Concrete Inst., Sept.-Oct., 1937; Proceedings Vol. 34, p. 25 
+Director Master Builders Research Laboratories, Cleveland, O. 
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Measurement of the Moisture Content of Concrete* 


By R. W. Spencert 


MEMBER AMERICAN CONCRETE INSTITUTE 


1—METHODS 


Introduction.—The fact that concrete shrinks as it dries out ‘ is so 
well known that it is used as a stock excuse for any cracks in concrete, 
excessive deflection of beams, or other large volume change for which 
the observer has no ready explanation. Likewise the lack of moisture 
in concrete especially at the earlier ages is well recognized as having : 
bad effect on its compressive and tensile strength, modulus of elas- 
ticity, and resistance to abrasion @. The moisture content of the 
concrete also has an effect on the weight and consequent safety factor 
of concrete in gravity dams, the usual conservative assumption being 
that at some time in their life even the interiors of thick dams may dry 
out and lose from 3 per cent to 6 per cent of their original weight “. 
In spite of the importance of knowing definitely the moisture content 
of concrete structures, there has been no satisfactory way to determine 
it quantitatively except by taking samples of the concrete and crushing, 
weighing, and drying them“. It is very difficult to take samples within 
structures without changing the moisture content of the samples or 
damaging the structure. A further complication in the determination 
of moisture in content is the uncertainty as to just what is meant by 
“free”? moisture. The amount of water that can be removed from a 
given specimen of concrete depends on the temperature and humidity 
of the drying air as well as upon the age of the sample and past curing 
history. 


*Received by the Institute Feb. 10, 1937 
tPhoenix Engineering Corp., Polson, Mont 
() (2) References will be found at end of paper. 
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In addition, at a constant temperature, humidity, and age, the 
percentage of moisture that can be withdrawn varies widely with 
the mix, type of aggregate, cement content, and the amount of 
water in the original fresh concrete ©. This paper is the result of 
attempts to devise a rapid and inexpensive method of determining the 
moisture content of concrete structures at any time in their history. 


First Attempts—In connection with research work on the Morris 
dam concrete in 1932, an attempt was made to use specially constructed 
hair hygrometer placed in a small precast cup which was to be em- 
bedded in the dam. Laboratory calibration tests showed that while 
such instruments give good results in determining air humidities out 
of doors, when placed under hot damp conditions similar to those in 
dams, the hairs molded, showed a continuous stretching, and the 
electrical contacts used in obtaining remote readings deteriorated 
rapidly. Two devices for measuring the thermal diffusivity of the 
concrete were also tried. Since diffusivity of concrete is equal to the 
thermal conductivity divided by the specific heat and the specific 
heat of concrete, other things being equal, varies with the uncombined 
water in the concrete, it was thought that the moisture content might 
be obtained indirectly by this means. In the first scheme tried a low 
voltage from a storage battery was applied for a given number of 
minutes through well insulated copper lead wires to a few inches of 
uninsulated nichrome wire embedded in the concrete, and the change 
in resistance of the nichrome wire measured. A higher resistance 
was found in dry concrete than in wet concrete for the same heat 
input, but on account of some reaction between the wire and the 
concrete the resistance was difficult to measure and the results could 
not be duplicated. In the second scheme, a baked enamel insulated 
copper wire resistance thermometer was wound round the midsection 
of a 1l-inch diameter 40-watt cylindrical showcase lamp, the necessary 
insulated electrical connections made, and the whole embedded in a 
3 x 6-in concrete cylinder. Several of these cylinders were made for 
test purposes and for embedment in the mass concrete of Morris dam. 
In making a test, 100 volts A. C. was applied to the lamp filament for 
two minutes and the maximum rise in temperature of the thermometer 
noted, In calibrating the instruments, the partially dried cylinders 
were compared in weight and temperature rise with control cylinders 
sealed in copper jackets against moisture gain or loss. It was found 
that test runs could be repeated with reasonable accuracy, but that 
after the cylinders had undergone numerous test runs and several 
wettings and dryings, the relation between temperature rise and 
measured moisture content of the concrete surrounding the instrument 
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did not remain as nearly constant as was desirable, due partly to the 
difficulty of getting an even distribution of moisture through the 
l-in. layer of concrete surrounding the lamp bulb and partly to a 
loosening of the bond between the instrument and the concrete. 
This method has some merit, but the calibration of the instruments and 
actual test measurements are considerably more complicated than 
are direct resistance measurements between electrodes. 


Resistance Measurements by Others—Electrical resistance measure- 
ments have been used to determine the moisture content of sand for 
aggregate ©, to determine the relative efficiency of concrete pavement 
curing methods ™, the leakage through masonry walls, and in a num- 
ber of unpublished cases, in generally unsuccessful attempts to obtain 
the relative moisture content of concrete. A somewhat similar scheme 
whereby the power consumption at constant voltage was measured 
instead of the resistance, has been tried with indifferent success in 
attempts to determine the amount of mixing water in fresh concrete 
while it is in the mixer. 

General Considerations—Direct resistance measurements are a 
desirable way of determining the moisture content of concrete because 
the electrode plates are cheap, rugged, and easy to install at any 
point in a concrete structure and because the readings can be made 
with easily portable apparatus requiring no outside source of power. 
However, the relation between the resistance of concrete and its 
moisture content is not simple. For example, the resistance between 
a given set of electrodes sealed to prevent gain or loss of moisture 
from the concrete, is roughly five times as great at one year’s age as at 
two hours’ age; half as great at 130° F. as at 70° F.; and may be 
several times as great with a lean dry concrete as with a rich wet con- 
crete. The resistance is also affected to a lesser degree by the type of 
cement, and, where the concrete is not sealed, by the presence or 
absence of large amounts of dissolved salts in surrounding soil or 
curing waters and the leaching of soluble material from the concrete 
by surrounding waters. Fortunately, the effect of variation in mois- 
ture content on the resistance of concrete is greater than the effect 
of the influences just listed. A piece of concrete having a damp 
resistance of 100 ohms between embedded electrodes will show a 
resistance of over 10,000,000 ohms when well dried out even at room 
temperature. 


Methods—In view of the foregoing, it appeared that direct resistance 
measurements between embedded electrodes might be made to give a 
reasonably accurate picture of the moisture in the concrete if suitable 
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Fic. 1—Top LEFT, OSCILLATOR AND A. C. BRIDGE; TOP RIGHT, WHEAT- 
STONE BRIDGE; BELOW, (A) TRIPLE ELECTRODES FOR THIN STRUCTURES; 
(B) SINGLE ELECTRODE AND LEAD; (C) MOLD FOR CALIBRATION 


precautions were taken to eliminate the largest of the other variables. 
Stainless steel plates 7 in. thick and 2 sq. in. in area were spaced 
¥% in. apart for the electrodes. Copper and ordinary steel plates 
gave less accurate results. Since the salts in concrete act as an elec- 
trolyte, the electrical resistance was best measured using a 14%-volt 
alternating current supplied either by a buzzer or a small vacuum 
tube oscillator. The Wheatstone bridge type test set was balanced 
with radio headphones. For the early tests, the buzzer and headphones 
were used in connection with regular Wheatstone bridges purchased 
for reading resistance thermometers and strainmeters, but for later 
work a special combined bridge and oscillator was used. The resist- 
ances ordinarily measured ranged from 15 ohms to 100,000 ohms and 
were read to within 1 per cent for the important lower values. Because 











Measurement of the Moisture Content of Concrete 49 


C-30 C-30 


ut Gd 
oe * is 


2 dry cells 2-225" batts 








$0,000 






















A-C OSCILLATOR 


0 
FOR RESISTANCE MEASURE- 65 yf 
MENTS OF MOISTURE - LOSS 
LLECTROOES WW CONCRETE 



































PED 
coi/ 
$ frame 
3 3 1 Boinks ® ® 
button BUZZER CIRCUIT 
@ ve FOR ELECTRODE RESISTANCES 
po Corinect buzzer as Showr. 
6 >—x; AC . ® Connect headphones to F #6. 
y r S v} '§, Cormect electrode to Ze4. 
See eh LAS Use S button mth switch OFF 
S-WIRE THERMOMETER S7PAINMETER For res/starices over /0999R use 
aw a SWITCH ON — shunts, Connechshunt to 6&7. 
CARLSON TEST SET With/0° short mult chal read lO by II, 


For 2-wire thermometer(Straimmeter resistance) With 2>shurtt mult. dhal read. +10% by 5. 
connect white and black wires toposts 2 and 3. 
Use 7 button with switch ON. 


Fig. 2—CIRCUIT DIAGRAMS FOR A-C OSCILLATOR AND CARLSON TEST SET 


of the many variables involved in the whole procedure, greater accur- 
acy is not warranted. The construction of the electrodes and test 
set is shown in Fig. 1 and 2. 


Reducing the Results—On account of the large range of the resistances 
measured, and the need for greater accuracy at low values, it is more 
convenient to work with the reciprocal of the resistance (conductance) 
and to select some reference point from which to compute percentage 

variations, than it is to use the readings directly. Such a starting 
point can be obtained by measuring the minimum resistance of the 
fresh concrete which is normally attained about two hours after the 
concrete is mixed and just before initial set occurs (Fig. 3). Unless 
this minimum value, the reciprocal of which has been called 100 per 
cent conductance in the following discussion, is determined, the value 
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Fic. 3—RESISTANCE OF CONCRETE AT EARLY AGES 
Fig. 4—EFFECT OF TYPE OF CEMENT ON CONDUCTANCE OF CONCRETE 


of later readings is small, because of the lack of a basis of comparison 
between the concretes surrounding the various sets of electrodes. 
When two sets of electrodes are embedded in the same concrete, the 
resistance may be 50 per cent greater at one than at the other on 
account of the accidental location of coarse pebbles between or near 
the plates; but by comparing the results on a percentage basis, good 
checks can be obtained. This device eliminates one of the annoying 
variables mentioned in a preceding paragraph and also eliminates the 
effect of the different aging curves obtained with different cements 
(Fig. 4). 

Another group of variables can be eliminated in the determination 
of moisture in field concrete, by embedding near the field electrodes a 
set of control electrodes sealed in pint glass jars. Incidentally it is 
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Kia. 5—MULTIPLYING FACTOR FOR REDUCING ELECTRODE RESISTANCE 
To 70° F. 
Fic. 6—ELEctTRoDE CALIBRATION CHART 
wise to coat the inside of the glass jars with tar or paraffin because 
the normal expansion of the concrete with age often produces minute 
cracks in the glass. Since these controls pass through the same 
temperature cycles, have the same mix, and are the same age as the 
electrodes not so sealed, the comparison of the percentage conductances 
gives a good measure of the effect of moisture changes in the structure 
concrete. In thin structures where the glass jars would take up too 
much room, they may be omitted except for one or two kept at known 
temperatures in the laboratory. In that case resistance thermometers 
must be installed near the field elecgrodes and the concrete tempera- 
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ture measured to the nearest degree whenever the electrodes are read 
so that all readings may be reduced to a common temperature (70°F.) 
basis. In most cases where the moisture content of a structure is 
wanted, concrete strains and temperatures are also wanted, and the 
electrode temperatures are obtained incidental to the other readings. 
Fig. 5 (chart for reducing resistances to 70°F.) shows the large effect 
of temperature on concrete resistance and that the resistance of con- 
crete varies inversely with the temperature instead of directly as in 
metals. This curve is based on a considerable number of temperature 
and resistance readings on several different kinds of concrete, around 
electrodes sealed in glass under both field and laboratory conditions. 
The general agreement of the points shows that the temperature 
resistance relation is not seriously affected by the type of concrete. 
In using the temperature reduction chart, the measured concrete 
resistances are multiplied by the factor appropriate to the concrete 
temperature at the electrodes. The reciprocal of the corrected resist- 
ance (conductance) is then used in computing the per cent (of the 
maximum) conductance for that particular reading. With the proper 
calibration chart, the ratio of the per cent conductance of the field 
concrete to the per cent conductance of the sealed control concrete, 
can then be used as a measure of the moisture in the field concrete. 
It follows that if there has been no moisture loss, the per cent con- 
ductance of both field and control concrete will be the same and the 
ratio between the two will be unity; while if there has been a large 
moisture loss in the field concrete, its per cent conductance will be 
very small and the ratio between it and the control will be very small 
also. 


Calibration Chart—The calibration chart showing the relation 
between moisture loss in the concrete and the ratio of the per cent 
conductance of the field concrete to that of the control concrete, was 
prepared by casting electrodes in either 3 x 3 x 24 in. bars or in discs 
1 in. thick and 4 in. diameter in such a manner that the electrode 
plates did not hinder the flow of moisture to the exposed surfaces of the 
concrete and so that the concrete between and immediately surround- 
ing the electrodes lost moisture at the same rate as the sample as a 
whole. The construction of one of the control discs is shown in Fig. 1. 
The calibration specimens were made at intervals throughout the 
progress of the tests with water cement ratios of from .71 to 1.00 by 
volume; cement contents of 1.25 bbl. to 1.62 bbl. per cubic yard; and 
with normal, low heat, high early strength, and blended portland 
cements. They were kept sealed for periods of from 24 hours up to 
several months and then allowed to dry out in 70° F. 25 per cent 
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humidity laboratory control rooms. Temperatures, resistance read- 
ings, and weights, were recorded at frequent intervals. It was found 
that the calibration curves had similar shapes but different end points 
because some concretes lost a much larger percentage of moisture than 
others, owing to the well known effects of cement content, water 
content, and age of the specimen when it was first dried. To avoid a 
multitude of calibration curves each fitting a special case, the per- 
centage of the moist weight lost on drying to equilibrium at 70° F. 
and 25 per cent humidity was arbitrarily called ‘‘100 per cent moisture 
loss,’ whether it was 3 per cent or 8 per cent of the original moist 
weight of the concrete. This brought the curves close enough together 
so that one calibration curve (Fig. 6) could be used for all concretes 
with approximately the same error as arose from other sources. The 
percentage error can best be judged from the plotted points which 
cover a wide range of concretes, as well as errors in laboratory control 
and reading the resistances. It should also be remembered that while 
a 10 per cent error in the free moisture in the concrete looms large, most 
concrete contains less than 5 per cent by weight of such free moisture 
and the 10 per cent change in moisture represents 0.5 per cent or less in 
weight. 

The selection of 70° F. and 25 per cent humidity as the end point 
in drying the concrete is arbitrary but is based on the fact that actual 
concrete structures are rarely placed under dried conditions for long 
periods and that drying concrete to this point produces all the shrink- 
age found in actual structures. The resistance at the end point is well 
over 100,000 ohms so that the conductance is exceedingly small. In 
this paper the end point has been called the point of 100 per cent 
available moisture loss and the starting point were moisture has been 
neither gained or lost, the point of zero moisture loss. 


Limitations.—There are several limitations to the use of resistance 
measurements in determining the moisture content of concrete. The 
most important is the fact that increases in moisture content or 
“supersaturation” from moist curing over and above that originally 
introduced in the mixing water, do not increase the conductance above 
the value found in a sealed specimen of the same age. Resistance 
measurements give no reliable indication of the gain of from 4% per 
cent to 14% per cent by weight of moisture in concrete samples stored 
for long periods in a fog room. Furthermore when concrete is stored 
under water, especially soft circulating water, leaching out of some of 
the soluble salts occurs which may lower the conductance as much as 
40 per cent while the weight is actually increased. When such leached 
specimens are dried, the resistance readings usually return to the 
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normal calibration curve values at about 50 per cent available moisture 
loss, and are not seriously in error from there to 100 per cent moisture 
loss. As a result, resistance measurements are of little value where 
concrete is submerged most of the time. Ordinary moist cure, sprink- 
ling, or rainfall, results in only minor errors, however. Another diffi- 
culty that arises when heavy plate electrodes are embedded near the 
surface of small specimens exposed to large volume changes from 
rapid drying and wetting or heating and cooling, is the tendency 
toward separation of the steel and concrete with the result that the 
resistance readings are too high on the drying cycle and too low on the 
wetting cycle. The remedy is to deform the electrode plates enough 
to get a good bond or to use wire mesh electrodes. 
2—FIELD RESULTS 

Since 1933 when the first instruments were developed, the writer 
has had occasion to install them in various types of field structures in 
connection with research work on stresses, strains, and temperatures 
in the structures. Some electrodes have been in use for over three 
years and apparently are giving as good results as when first installed. 
A few have failed when installed at the surface of concrete test speci- 
mens exposed to accelerated wetting and drying, and freezing and 
thawing tests in the laboratory. These tests disintegrated the concrete 
and the violent and excessive volume changes destroyed the bond of 
the concrete to the electrodes so that resistance measurements were 
erratic and of no value. A few electrodes also failed to give useful 
results because they were installed at the surface of concrete submerged 
in water for long periods, which caused leaching out of some of the 
salts normally in concrete. Three typical installations were (1) by 
the Metropolitan Water District of Southern California in a series of 
test slabs 6 in. thick exposed to weathering in the Colorado River 
Dessert (2) by the District in the Mecca Pass Tunnel lining in the 
Colorado River Desert and (3) by the City of Pasadena in the Morris 
Dam near Azusa, California. 

Test Slabs in the Colorado River Desert—These slabs were manufac- 
tured in the field of typical desert aggregates and tmtained 1.4 bbl. 
of cement per cu. yd. with a water cement ratio of 0.85. On Fig. 7 
the temperature, humidity, and precipitation curves show typical 
desert climatic conditions of little rainfall, low humidity and extreme 
summer heat. What precipitation there was came chiefly in the form 
of cloudbursts of short duration. In summer the humidity fell to a 
low value a few hours after rain stopped falling. In general, the 
humidity was far below the 50 per cent commonly used in shrinkage 
and dryout tests in laboratories. Occasional readings as low as 2 
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per cent were recorded. Under these conditions concrete slabs having 
no cure or only 7 days moist cure, showed moisture losses up to 90 
per cent in the top inch of concrete even though the bottom of the slab 
rested on a moist subgrade and showed practically no moisture loss. 
As might be expected, less moisture was lost from the 7-day moist 
cured slabs than from those having no cure at all. There was appar- 
ently a slow flow of moisture from the subgrade to the surface, for the 
concrete three inches below the surface showed only a small loss of 
moisture and there was a tendency to deposit a brownish material in 
surface shrinkage cracks. In slabs showing large moisture losses there 
appeared to be material difference in the percentage loss between 
concrete made with different types of cement. Slabs made with a 
quick-hardening cement lost less moisture than those made with a 
slower hardening modified low heat cement. 

When similar slabs were cured with two coats of coal tar sealing 
compound, protected by a coat of whitewash, they showed not more 
than 20 per cent moisture loss from the surface one inch, even up to 
an age of 18 months. Losses from the center and bottom of the slabs 
were zero or not over 10 per cent showing that moisture is retained 
indefinitely under slabs of large extent even under severe desert con- 
ditions. The sealing compound and whitewash cure is standard 
practice on the Metropolitan Water District’s desert concrete work 
and on flat slab work it is particularly efficacious in securing high- 
strength concrete. The heavy 2-coat layer of laboratory tested coal 
tar cutback used by the District should not be confused with the 
extremely thin ‘“‘paints’”’ commonly considered a blacktop cure. 

For thin walls (6 in. thick) not in contact with subgrade and exposed 
on both faces to drying, the sealing compound materially retarded 
dryout but did not entirely prevent it. At the end of a year’s time the 
outside inch of concrete had lost from 38 per cent to 50 per cent of its 
available moisture and the center, three inches from the surface, lost 
28 per cent. On account of the vertical faces of the slabs and the short 
duration of most desert rains, such walls gained little moisture from 
precipitation, in sharp contrast to flat slabs not protected by sealing 
compound, which regained a large part of their lost moisture, especially 
in the cool winter season. 

Such gain in moisture from surface wetting is much more rapid than 
the subsequent drying out because absorption is helped by the large 
forces of capillary attraction while dehydration is hindered by capillary 
attraction. For example, a concrete slab may gain in one or two 
hours a quantity of water that will require one or two months desert 
exposure to remove. This fact is the salvation of much concrete work 
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and is the only reason many structures continue to gain strength after 
the usual 3 to 10 days moist cure is over. Fig. 8 shows the effect of 
ponding water on the dried out top of a slab resting on subgrade. In 
the first 20 minutes half the lost water was regained and in 24% hours 
nearly all was regained. In the 18 days ensuing before the next 
natural precipitation the surface 34 in. lost about 34 of the water 
gained from the wetting but would probably require two months 
exposure to attain its former state of dryout. 


Fig. 8 also shows the volume changes accompanying wetting the 
surface of the slab. In 20 minutes the length of the top fibers increased 
63 millionths of an inch per inch in length equivalent, in this case, to 
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Fig. 9- 


a tensile stress of 250 p.s.i. 
surface probably prevented greater expansion. 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


/934 4935 
van tte Mar Am Mar Juma hny Awe 


BES 








| 7" | | 
++ 
ft prow = 


| ~ | 
+ +" + +— + + + , ‘ 
! apr ann 
+-——+-— —+ + + ' t { 
{ LZ | ue om <4 
4 } ¥ gene | 


Sunrace Cumto 
Or Srminn.iné 


+ 







Per cenT AuaiLasié Molsture lost 














Cowrmoa. E.ecrroots 














Peeuan ELkCTROOES Simiak and 
Bur WITHOUT GAs COVER 
a uae 
18 wind - RUMBER COVERED 

of. Cos Jan car ane 

ay SCAHEW TOP SQUANE Gi bss JAR > 
a Sm .) aa 

-, Fe ONCALTE ~ Jami Mix AS k 

& AROUND REOMAR £LECTROOES y 
- °, sage, 

P44 "2 Seunnl STAINLESS STEEL % 

ad “ 
fuecrRooes spacen *”aparr ING os 
14a 









a ee - 
EESEECECEOUELELEEL 3 
1} Rebelo » 


Pre cevrAeuaaie Morsrure Losr 


° 
Zieee OAS /0 fROM FACE OF OAM HORIZONTALLY OIS ¢e smentest DIsTance 
flee*+ (40 * ” ” - 440 - vi 
£I*** «240 ” - 1.90 ad ” 
Zas= 400 .- * ° ° 450 pi * | Lemo rencenr mostune 
46——- 00 “ 7.70 ” o 4003 Taovenour 
L7-——~ 4200 ° “ ” o 34.50 ied ” 


MOISTURE MEASUREMENT IN TUNNEL LINING M. W. D. 
PASS TUNNEL-—%860 FT. FROM PORTAL 


Fic. 10—MoIstTuRE MEASUREMENT IN MORRIS DAM 


Although n« 


Sept.-Oct. 1937 


MECCA 


Restraint from fibers farther from the 


t dis- 


cussed in this paper, volume change measurements were made on all 
the slabs for which moisture measurements are shown on Figs. 7 and 8 


and these 


measurements, when corrected for temperature, 


entirely consistent with the moisture curves. 


were 


Tunnel Lining in the Mecca Pass Tunnel of the Colorado River 
Aqueduct.—Fig. 9 shows the results of moisture measurements in the 
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lining of one of the aqueduct tunnels. This tunnel passed through a 
spur of the Little San Bernardino mountains and was bone dry when 
driven. The rock was a badly shattered, partly decomposed gneiss or 
granite requiring timber support throughout. The air temperatures in 
the tunnel ranged from 68° to 81° F. and the humidity from 9 per cent 
to 44 per cent, very low figures for a tunnel. Electrodes were placed 
34 in., 3 in., and 11 in. from the inside of the lining, the latter being 
slightly more than half way through the concrete wall. Control elec- 
trodes were cast in glass jars stored for a time in the tunnel and later 
in the testing laboratory at Banning. The concrete contained approxi- 
mately 6 sacks of cement per cubie yard and was placed at a tempera- 
ture of 83°. It showed a peak temperature of 125° F. a few hours 
after placing. The interior surface was cured by sprinkling for 13 
days. The moisture curves show an effective cure up to the last day 
or two when the sprinklers evidently began to “taper off.” After the 
moist cure was over the surface dried out rapidly on account of the low 
humidity of the air and in about ten months showed a moisture loss 
of 76 per cent. After three or four months the concrete three inches 
below the surface began to be affected and at ten months had lost 
27 per cent of its moisture. At this time the concrete eleven inches deep 
showed a small loss of 10 per cent. Very likely some of this was due 
to moisture absorption by the dry timbering and surrounding rock. 
At the end of 10 months the concrete forming the walls and arch 
showed the usual crazing cracks from surface dryout and many 
transverse cracks extending through the lining. Based on known con- 
crete temperatures, two-thirds of this deep cracking was due to 
temperature drop and one-third to shrinkage from drying. 

Drying conditions in the Mecca Pass Tunnel are unusually severe 
fora tunnel, but resemble those found in conerete building interiors. 
The moisture readings indicate that concrete members less than 24 
in. thick in dry interiors will show material shrinkage from drying 
within a year’s time. Since the tunnel lining concrete had a water 
cement ratio of 0.98 it contained much more water per cubic yard of 
concrete than the leaner and drier test slabs of Fig. 7 and 8 and was, 
therefore, much more susceptible to shrinkage from dryout. 

Morris Dam Mass Concrete.-Yig. 10 shows the results of moisture 
tests in the main body of Morris Dam. The dam is on the San Gabriel 
River near Azusa, Calif., and the downstream slope faces south, 
The concrete contains one bbl. of “low heat’’ cement per cu. yd. with 
a water cement ratio of about 0.85. The climate is mild, with prac- 
tically all the precipitation in the winter and dry weather in the sum- 
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mer and fall; but the humidity is generally higher than in the Colorado 
River desert. Electrodes were placed 0.45 ft., 1.4 ft., 2.4 ft., 5.8 ft., 
10.0 ft. and 42.0 ft. horizontally in from the downstream face of the 
dam. Control electrodes were sealed in glass jars and embedded in 
the concrete alongside a number of the regular electrodes. This pro- 
cedure was found essential in a structure of this type because the long- 
continued high temperature of the interior made hydration of the 
concrete proceed more rapidly there than at the surface or at normal 
laboratory temperatures. The results show clearly the effectiveness 
of the surface sprinkling of the concrete over a period of 60 days; an 
unusually long period for a dam but highly desirable where a slow- 
hardening low heat cement is used. The electrodes 0.45 ft. from the 
surface show a moisture loss of from 8 per cent in early spring to 28 
per cent in the late fall with clearly defined annual variations. There 
are many irregularities due to rainfall and weather conditions. At 
the 1.4 ft. point there is still a slight seasonal variation but the maxi- 
mum moisture loss is only about 12 per cent. Moisture changes are 
negligible at the 2.4 ft. point and all points deeper than this show no 
moisture loss whatever. This demonstrates that drying out of thick 
concrete structures occurs only on the surface and to a very limited 
extent. A further check on the lack of dryout in the interior is the 
absence of shrinkage in concrete cylinders buried in the dam but sur- 
rounded by a small air space to prevent stress transmission. Several 
such cylinders containing embedded Carlson electric strainmeters 
were placed at varying distances from the downstream face of the dam. 

Conclusions—(1) When suitable precautions are taken, direct 
resistance measurements in concrete offer a cheap and simple means 
of determining the approximate moisture content of concrete at any 
time in its life. The method cannot be used where concrete is sub- 
merged in water for long periods, 

(2) Moisture measurements in flat slabs on moist subgrade show 
that (a) moisture persists in the subgrade over a period of years 
keeping the under side of the slab up to its original moisture content 
(b) if unprotected, the surface inch of concrete loses up to 90 per cent 
of its available moisture under desert weathering conditions (c) certain 
coal tar coatings properly applied prevent harmful loss of surface 
moisture over a period of a year and a half. 

(3) Thin concrete structures not in contact with moist subgrade 
lose their moisture slowly even when protected by sealing compound. 

(4) Under normal field conditions, concrete gains moisture when 
submerged in water, hundreds of times faster than it loses moisture 
when exposed to hot dry air. 
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(5) Tunnel lining in dry rock tunnels may suffer as badly from dry- 
ing out as similar structures in the open air. 

(6) Thick conerete structures such as dams will not show moisture 
loss more than about two feet from the surface and the surface loss 
will be relatively low. 
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A Simple Test for Water Permeability of Concrete* 
By Grorace Witty AND ID. C, Counsont 


ENGINEERS have long recognized permeability as one of the most 
important qualities of concrete. Often, however, the emphasis has 
been misplaced. When it is realized that leakage through construc- 
tion Joints and cracks may be many thousands of times the percolation 
through the solid concrete itself, the effeet of impermeability on water 
tightness does not seem so important. 

The real significance of impermeable concrete lies not in the fact 
that it may help to produce water tight structures, but that it is more 
durable and permanent for all structures, whether or not actual 
water tightness is necessary. ‘There is every reason to believe that 
permeability has a large effect on resistance of conerete to freezing 
and thawing, for if water can enter its pores, freeze and swell, it will 
tend to disrupt the structure, Similarly, high permeability indicates 
poor resistance to sulphate and alkali waters and even if exposed only to 
pure water, permeable concrete will gradually be destroyed by the 
leaching out of lime. In their investigation of the permeability of 
concretes in connection with Boulder Dam, Ruettgers, Vidal and 
Wing' developed a method whereby the useful life of conerete can 
actually be calculated if its permeability is accurately known and 
provided the concrete is subject to no other disintegrating forces. 

Many investigators have determined the variables affecting per- 
meability and much is to be found on the subject in the technical 
literature. The effects of water content, cement content, aggregate 
gradation, curing conditions and various water pressures have been 

*Received by the Institute Secretary, March 20, 1937 

{Engineer and Superintendent respectively, Nebraska Cement Co,, Superior, Neb 

An Investigation of the Permeability of Mass Conerete with Particular Reference to Boulder Dam.” 
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quite thoroughly covered as has also the progressive reduction in 
permeability with time and the probable reasons for it. 

Most of these investigators have, however, employed apparatus 
which is so costly and time consuming as to make it prohibitive to 
the average cement mill laboratory seeking to control the properties 
of its product affecting permeability. Furthermore, the effects of 
cement fineness on permeability do not seem to have been thoroughly 
investigated. Finally, no investigator has published adequate data 
showing the effects on concrete permeability of using cement ground 
with a dispersing agent. 

The principal objects of this study were, therefore: 

1. To develop a simple, inexpensive method for determining 
permeability. 

2. To prove this method by determining the effect of variables 
which have been adequately studied previously. 

3. To investigate the effect of cement fineness on permeability. 

4. To investigate the effect on permeability of using a cement 
ground with a dispersing agent (TDA). 

PROCEDURE 

The difficulties encountered by previous investigators centered 
largely around the problem of obtaining a tight seal between their 
specimens and their sources of water pressure, and it was therefore 
resolved that the apparatus used in this study should avoid the 
necessity for water tight seals of any kind. Several types of cups 
were tried resulting in the final adoption of the cylindrical concrete 
cup shown in section in Fig. 1. These cups were cast bottom side 
up in a mold made from a one-quart paper ice-cream carton. The 
difficulty of making a core which would not break the cylinder either 
when withdrawing the core or because of shrinkage of the concrete 
during hardening was finally overcome by using as a core a piece of 
automotive radiator hose having an inside diameter of 1%4 in. A 
short length of hose was placed in the carton by means of a jig and 
fastened in place with sealing wax.. The hose was then filled with 
loose sand and covered with a cardboard disc. 

Concrete was placed in the annular space between the carton and 
the hose in three successive layers and tamped uniformly with a 
one-fourth inch rod. A final layer was then placed on top, tamped 
and trowelled off. 


The cylinders were placed in a moist closet for 24 hours, at the end 
of which time the paper ice-cream cartons were torn off and the 
rubber cores collapsed and removed by means of a special tool. This 
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tool resembles a tuning fork, but has more slender prongs. One prong 
is placed on the sand side of the hose and the other between the hose 
and the set concrete. A twist of the fork then causes the hose to 
collapse so that it can be easily withdrawn. No grease of any kind 
is used on the molds. 
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The hardened cylinders were weighed in air and water to determine 
their densities and were then cured and tested for permeability in 
accordance with the procedures to be described. 

Previous investigators of permeability have found a pronounced 
skin effect produced by casting conerete in smooth walled molds and 
an even more pronounced effect on surfaces which have been trowelled 
The permeability of such surfaces has often been equivalent to that 
of six or more inches of mass concrete. It was hoped that the use 
of a mold with walls consisting of paper and rubber would overcome 
this difficulty and the data give evidence that these hopes were 
realized. If there had been a pronounced skin effect, the permeability 
coefficients as determined with these molds would have been lower 
than those of investigators who corrected for skin effect. Actually 
they were slightly higher. Furthermore, it will be shown later that 
permeability as determined by the present method is a log function 
of water-cement ratio and if there had been a skin effect it would have 
been necessary to add a constant correction to each permeability 
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reading in order to make these readings follow such a relationship. 
No corrections were necessary. 

There is also a distinction to be made between true permeability 
and absorption. Ruettgers, Vidal and Wing in the experiments on 
mass concrete eliminated this variable by measuring both input and 
outflow and taking their readings only when the two became equal. 
However, with the thin walls of the specimens used in the present 
investigation, the effect of absorption seemed to be negligible after 
12 days. An examination of Fig. 2 and 5 will show that between 12 
and 28 days the flow of water was practically a linear function of time. 
It seems that this indicates true permeability and that all the absorp- 
tion took place during the first 12 days. Permeability coefficients 
were calculated only on the basis of the flow between 12 and 28 days 
so that the variable of absorption was eliminated. 


An examination of Fig. 2 and 5 will also show that there was prac- 
tically no decrease in permeability between 12 and 28 days. Other 
investigators have found that permeability decreases constantly 
with time. Glanville? offers as explanations of this phenomenon 
silting, chemical action, swelling of the cement and carbonation. He 
also found that a high rate of flow was accompanied by a large reduc- 
tion in permeability—probably due to silting. His experiments were 
made with a pressure of 50 p.s.i. which naturally gave a high rate of 
flow and it is interesting to note that the present method, employing 
as it does a hydrostatic head of only a few inches, seems to eliminate 
the variables of silting, carbonation, etc. at least up to times of test 
of 28 days. 


Reuttgers, Vidal and Wing have shown that if the permeability 
coefficient of the concrete K, (velocity of water through concrete in 
ft. per sec. when the hydraulic gradient is unity) is divided by the 
volume of cement paste per unit volume of concrete, a new permea- 
bility coefficient for the paste, K,, is obtained which should be inde- 
pendent of the type or grading of the aggregate. The permeability 
coefficient of the pastes were, therefore, calculated and used for all 
comparisons when made in the present study. 


All cements used in this work were ground from the same clinker 
within a period of ten days and all were the products of commercial 
mills. They were available at several different surface areas, each 
surface area being represented by two cements, one untreated and 
the other containing 44 lb. of TDA per barrel of cement interground 





“The Permeability of Portland Cement Concrete.” Department of Scientific and Building Research 
(England) Technical Paper,No. 3, Published by His Majesty's Stationery Office, London. 
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in the mill. For convenience, the untreated cement will be referred 
to in the subsequent pages as ‘blank.’ 

The following mixes were made: 

1. One series of 16 mixes was made in which the water-cement ratio, the curing 
condition and the dispersing agent were the variables. The water-cement ratio was 
varied from 0.53 to 1.14 by volume. (4.0 to 8.5 gal. per sack.) The cement for this 
series had a fineness as represented by a surface area of 1700 sq. em. per gram. 

2. A second series of 16 mixes was made in which the fineness of the cement as 
well as the curing condition and dispersing agent were the variables. The water- 
cement ratio for this series was kept constant at 0.80 by volume (6 gal. per sack). 

Absolute volume compositions and other data pertaining to these 
concretes will be found in Tables 1 and 2. 

Sand and gravel having the following grading were used in these 
mixes. 
ee 34—4 4-8 8-14 14—28 28—48 48—100 100 
Total per cent retained. .37.2 43.8 59.4 80.8 94.4 99.1 99.9 

In the dry-cure series the cylinders were cured in the moist closet 
for 24 hours at the end of which time they were stripped and allowed 
to stand in the laboratory air at 70-80° F. for 27 days. In the wet 
cure series the cylinders were cured 24 hours in the moist closet, 
stripped and cured 27 days in water at 70 F. It is believed that these 
two conditions represent the extremes of good and bad curing condi- 
tions which will be encountered in practice. 

At the end of the curing period, the cylinders were placed upright 
on two parallel brass rods in order to permit circulation of air under 
the cylinders and a gage made of glass 4%4 inches long was set in 
each. Water was poured into the cylinder until it just broke over 
the top of the gage which was found to be sensitive to 0.1 ml. The 
cylinders were kept covered and were refilled at 24 hours periods up to 
28 days, the amount of makeup water required being measured with 
a burette reading to 0.1 ml. 

To determine the amount of water lost by evaporation, a metal 
cup having approximately the same dimensions as the concrete cups 
was filled with water and kept covered in exactly the same manner. 
It was found that losses due to evaporation were negligible. 

Ruettgers, Vidal and Wing! give the following formula defining the 
permeability coefficient of concrete. 


ig QL 
tA.H 
where 
(), = discharge in cubic feet in ¢ seconds 
L = total length in feet subject to percolation 
t = time in seconds for Q cubic feet of water to be discharged. 








JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Sept.-Oct. 1937 


Dry Cure 
DA 


Surface oreo 
























Jora. Marne -Up WAarTer -NMUITERS 
































0 
300 Ss 
sig We? Cure et Wet Cure 
, ‘e 200\ Blank . ~. IIS. 144 be 299 
ie 100 = —— | 
2) os WHC= 735 “E- — ar 
5 | o> @ tc © C2 2 © FF S&S 2 KR fC Ht 
3 VimeéE OF TEST - Days 
i TT) Fic. 2 
im! 
4 A, = total area of concrete in square feet subject to percolation : 
H = hydrostatic head in feet 
With the present apparatus these constants had the following values: 
ee. (), = discharge in cubic feet between 12 and 28 days (measured 
in ml. and converted to cu. ft.) 
L_ = thickness of cup shell—0.0572 ft. 
4 t = 16 days—1.38 x 10° see. 
hid A, = inside area of cup—0.229 sq. ft. 


H = average depth of cup—0.198 ft. 
ie Using these data K, was calculated in each case. This value was then 
Mi converted to K, (permeability coefficient with respect to the paste) 


* by dividing K, by the absolute volume of paste per unit volume of 
: concrete as shown in Tables 1 and 2. 

ee. RESULTS 
HS 1. Water-Cement Ratio Series 


Fig. 2 shows the total makeup water required plotted against time 
of test. Check tests plotted in these graphs indicate a degree of 
4 reproduceability of results which is believed to be unusually good for 
work of this type. These curves also indicate that after 12 days the 
amount of makeup water required per day was fairly constant, indi- 
cating that in the period between 12 and 28 days all of the makeup 
water was passing through the walls of the cups and that the effect 
of absorption was negligible. 


| 
"4 
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TABLE | DATA FOR WATER CEMENT RATIO SERIES 


Water-Cement | 
Ratio Absolute Volume Composition Mix by Make-up 
Weight |Water ml. A- x 10-"|\Kpx 10-8 
gal./sk. | by Vol. | Cement Sand Water Air 12—28da 


1. Dry Cure—Plain 


4.0 533 222 529 249 000 1-2 30 970 2060 
5.5 735 149 618 230 003 1-3.5 83 2680 7070 
7.0 935 110 657 218 O15 1-5 369 11900 36300 
8.5 1.133 093 663 222 022 1-6 425 13700 43500 
Average 22230 

2. Dry Cure—TDA 
4.0 533 221 525 248 000 1-2 24 775 1650 
5.5 735 148 620 230 002 1-3.5 79 2550 6750 
7 @ 935 111 658 218 O13 1-5 205 6620 20100 
8.5 1.133 O94 670 224 O12 1-6 147 14400 45300 
Average 18450 

3. Wet Cure Plain 
1.0 533 222 529 249 O00 1-2 4 1750 3720 
5.5 735 149 6O1S 230 003 1-3.5 4 1750 4620 
7.0 935 110 657 218 O15 1-5 141 $550 13900 
R 5 1.133 093 663 222 022 1-6 77 2480 7860 
Average 7520 

4. Wet Cure PDA 
1.0 33 221 525 248 006 1-2 22 710 1510 
§.5 735 148 620 230 O02 1-3.5 26 S40 2200 
7.0 935 111 658 218 O13 1-5 63 2040 6200 
&® 5 1.133 004 670 294 O12 1-H 149 1820 15100 
Average 6250 


All data re present average ol two tests 
Surface area (Klein) 1700 cm*/gm. for all tests 


In Fig. 3 permeability coefficients with respect to the paste (K,) 
are plotted against water-cement ratio locating the curves by the 
method of least squares. This graph confirms the findings of Glan- 
ville? to the effect that when permeability is plotted against water- 
cement ratio on semi-log paper, an approximately straight line is 
obtained, 

It will be noted that the permeability coefficients obtained were 
slightly higher than those reported by Ruettgers, Vidal and Wing! 
both for their own work and for that of several previous investigators 
who found that A,x 10" for this range of water-cement ratios varied 
from 2.0 to 20,000. It is interesting to note, however, that the agree- 
ment of the present work with that of previous investigators is much 
better at the higher water-cement ratios than it is at the lower. This 
may be due to the fact that the present work was done with concrete 
containing aggregate having a maximum diameter of 3% in. whereas 
much of the earlier work was done with concrete containing larger 
aggregate (°4——2 in.). 
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Fig. 4 is presented as a matter of general interest to show the rela- 
tionship between air voids and water-cement ratio. It is apparent 
that voids decrease with decreasing water-cement ratio in the range 
covered by this study but are by no means a definite measure of 
permeability. It is the size and distribution of the voids, not their 
total volume, on which permeability depends. 
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2. Cement-Fineness 


Fig. 5 shows the results of tests on concretes containing cements of 
different finenesses. In this figure the total makeup water required 
is plotted against time. Here again, the degree of reproduceability 
and constancy of flow after 12 days is indicated by the check tests. 

In Fig. 6, K, is plotted against fineness of cement as measured by 
surface area. It will be noted that permeability seems to be a log 
function of surface area as it is of water-cement ratio. 


A very interesting feature of Fig. 6 is the difference between the 
effect of surface area on concrete which was cured dry and that which 
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TABLE 2-——DATA FOR SURFACE AREA SERIES 


Absolute Volume Composition Make-up 
8S. A. Klein Water ml. K-ex10-" | Kpx10-8 
em?/gm. Cement Sand Water Air 12-28 Da. | | 
1. Dry Cure—Plain 
1180 .133 .629 223 O15 348 11200 31400 
1500 134 632 224 010 293 9450 26400 
1900 134 .636 225 005 112 3620 | 10100 
2210 135 639 228 94 3040 8430 
| 
i 
2. Dry Cure—TDA | 
1240 13: .630 223 014 300 9700 27200 
1500 134 632 . 224 010 167 5400 15100 
1900 135 635 224 006 108 3490 | 9730 
2270 135 636 224 005 63 2040 5680 
3. Wet Cure—Plain 
1180 133 629 223 O15 SI 2620 7350 
1500 .134 632 224 010 42 1360 3800 
1900 134 636 225 005 64 2060 5740 
2210 135 .639 226 47 1520 4210 
| 
4. Wet Cure—TDA | 
1240 .133 .630 223 014 58 1870 5250 
1500 134 632 224 010 | 45 1450 4050 
1900 135 635 . 224 006 43 1390 3870 
2270 l 


35 636 224 005 46 1480 4130 


All data represent average of two tests. 
Mix 1:4 by weight; water-cement ratio .80 by volume (6 gals./sack) for all tests. 


was cured wet. While all dry-cured concretes were more permeable, 
the advantages of increased surface area are much more pronounced 
when the curing is dry. This is no doubt due to the fact that the 
finer cements developed early strength more rapidly and the cure was 
therefore more nearly complete when they were removed from the 
moist closet after 24 hours and dry cure was commenced. The con- 
cretes subject to dry cure obviously dried out before it was possible 
for them to cure, and this fact was reflected in their high permeabilities 
It seems that lower permeability under adverse curing conditions is 
an outstanding advantage of high-early-strength and other finely- 
ground cements. 


8. Effect of Curing Conditions 

The tremendous importance of proper curing is obvious from the 
results previously reported. This confirms the work of other investi- 
gators, e. g., Glanville? who gives curing as the most important single 
factor in making impermeable concrete. 
4. Effect of Dispersing Agent 

Fig. 3 shows that under conditions which make possible the pro- 
duction of concrete which anywhere nearly approaches impermeability, 
cements made with the dispersing agent possess marked advantages. 
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It will be noted that in the wet cure series that conerete made with a , 


dispersing agent cement and a water-cement ratio of .533 (4 gal. per 
sack) were less than one-half as permeable as those made with the 
corresponding plain cements. As the water-cement ratio is increased, 
the effect of TDA becomes less pronounced until at a water-cement 
ratio of approximately 1.20 by volume (9.0 gals. per sack) its effect is 
lost. If excess water is present, there seems to be nothing which will 
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produce impermeability. This greater impermeability of concrete 
made with TDA cement confirms the data reported by Kennedy.’ 

Fig. 6 also shows that conecretes made with cements containing a 
dispersing agent are less permeable than those made with the corres- 
ponding plain cements. The differences seem to be independent. of 
surface area and are approximately those which would be predicted 
from Fig. 3 for a water-cement ratio of .80 (6 gal. per sack) which was 
used for all of the work in the surface area series. 

It can be concluded further that if a dispersing agent inhibits 
bleeding as Kennedy has shown, the effect of bleeding on concrete with 
larger aggregate would be even greater than the effect observed in the 
tests in the present study. This would be consistent with the findings 
of Brown.‘ 

CONCLUSIONS 

1. An apparatus and method for determining permeability of 
concrete has been described which is cheaper and simpler in construc- 
tion and operation than those previously employed. 

2. Results obtained with this apparatus using low pressures check 
essentially with those obtained by previous investigators using high 
pressures 

3. The effect of increasing the fineness of cement is to decrease 
greatly the permeability of concrete. 

1. The effect of increased fineness of cement is considerably greater 
under dry curing conditions than it is when the specimens are kept 
moist. 


5. At ordinary water-cement ratios dry-cured concrete is two to 
three times as permeable as moist-cured concrete. 

6. At all water-cement ratios, cements containing a dispersing 
agent (TDA) produce a concrete which is less permeable than con- 
crete made with the corresponding plain cements. 

Portland Cement—Effects of Catalysis and Dispersion,”’ Industrial and Engineering Chemistry, 


Vol. 28, Aug. 1936, p. 963 
‘Bleeding of Cements,"’, Industrial and Engineering Chemistry, Vol. 27, Jan. 1935, p. 97 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by December 1, 1937. For 
such discussion as may develop readers are referred to the JOURNAL 
for January-February 1938. 
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Discussion of a Paper by George Wiley and D.C. Coulson: 
A Simple Test for Water Permeability of Concrete* 


S. P. WINGT 


It is believed that the type of water permeability test (better called 
a transpiration test) devised by the authors, or one using its prin- 
ciple, has many merits for investigating the resistance of concrete 
to deterioration caused by corrosive solutions, freezing or leaching 
where the movement of liquid in the pores of the material is caused 
primarily by the capillary forces rather than by hydrostatic pressure. 
ixamples of deterioration with capillarity instead of water pressure 
controlling water movement include the corrosion of concrete strue- 
tures near the ground water or ground level, the spalling of concrete 
near the water line of reservoirs and sewers, and the surface failure 
of linings, ete. In all these cases the rate and depth of absorption 
and drying are functions of the capillary forces. 

The authors do not mention the force of capillarity in the dis- 
cussion of their test but assume that the loss of water from their 
mortar cups is proportional to the average hydrostatic head of the 
water contained therein and inversely proportional to the shell thick- 
ness. From these data they compute permeability coefficients which 
are from 100 to 1,000 times larger than those estimated from the 
Boulder Dam tests for similar mixes and water cement ratios.t The 
authors speak of this difference as “slightly higher’, and although 
coefficients varying two or three hundred per cent, one from another, 
for apparently identical mixes are common in permeability tests 
(one per cent change in the water cement ratio approximates 30 per 
cent difference in permeability) it is believed that such large differ- 


tCivil Engineer, Denver, Colo. 


*JourNnaL, Am. Concrete Inst., Sept.-Oct., 1937; Proceedings Vol. 34, p. 65 
tAn Investigation of the Permeability of Mass Concrete with Particular Reference to Boulder Dam, 


by A. Ruettgers, E. N. Vidal, and 8. P. Wing—Journau, Am. Concrete Inst., March-April 1935 
Proceedings Vol. 31, p. 352-416. 
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ences indicate that factors are operative which the authors have not 
taken into account. 


Theoretically, in a uniform tube with a diameter of one-half a 
micron .00002 in., water can be raised to a height of about 200 feet 
by capillarity. Although actual concrete is certainly far from uni- 
form, it is known that it contains pores of the above order. As long 
as the outside of concrete is dry and the inside is wet, it appears 
probable that capillarity will force water through it at a rate approx- 
imating that corresponding to a head of the order of 100 feet, the 
equivalent head being greater the smaller the diameter of the pores 
but the quantity discharged less. 


It is thought the above discussion explains the higher permeability 
coefficient derived by the authors as compared to those given by 
other experimenters. If to the average static head of 0.2 feet there 
be added a head of the order of 100 feet caused by capillarity, the 
derived coefficients will have only one-five-hundredth of the tabul- 
ated values and be more or less in line with the Boulder tests. 


Indirect experimental verification of the above explanation is found 
in tests devised by Charles 8. Howe. * 


In these tests a 4 x 6 in. diameter cylinder of concrete was placed 
with its bottom in a basin of water and its sides were thoroughly 
varnished. On top was placed a bell jar sealed around the edges and 
containing a cup of calcium chloride to absorb water vapor. The 
amount of water vapor absorbed over a three months period was 
noted, the type of curve obtained approximating the authors’. Assum- 
ing that for capillarity tests the amount of water transpired varies 
inversely with the thickness, these tests gave from 0.012—0.150 ce. 
per square inch, per inch thickness, per day as compared to the auth- 
ors’ 0.020—0.100ce. In other words, with an opposing hydrostatic 
head of three times the positive head used by the authors, about 
the same amount of water transpired indicating that the authors’ 
results were due to capillarity. 


Although it is believed the authors are in error in their method of 
computing permeability coefficients, the relative values they obtained 
for comparing the effect of an admixture and of fineness of grinding 
and of cure are still applicable and furnish important information. 
But in considering the advantages of an admixture in practice, it 
should be noted that insofar as it is used for reducing the transpir- 


*New Idea Developed in Determining Water Permeability of Concrete—-Southwest Builder and Con- 
tractor, Los Angeles, March 27, 1936, p. 10. 
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ation factor, an equivalent reduction in water flow may usually be 
obtained by a two or three per cent change in the water cement ratio. 

While there are theoretical grounds for thinking that a transpir- 
ation test, as made by the authors, may not, in all cases, rate mixes 
in the same relative order as permeability tests, present data indicate 
that for normal mixes it is likely so to do. The authors’ test is easily 
made and for many studies of deterioration would seem to reproduce 
the field phenomena better than a permeability test. It is thought 
that further investigations of its merits, particularly with regard to 
freezing and thawing deterioration and to pore structure, is warranted. 

BEN E. NUTTER* 

As others have previously pointed out, the permeability, or perhaps 
as it might more descriminately be called, the impermeability tests 
of concrete produce indices of its quality in many ways besides mere 
water tightness. If concrete is comparatively impermeable it will 
leach less quickly, it will be less subject to attack by any chemical 
environment, it will, in the case of its use as protection for other 
structural materials, protect more effectively, and, what is most 
important, it will retain its moisture for more nearly adequate curing 
in a regretfully large number of actual cases, since it must do just 
that. 

Since the discovery of those qualities which make for less permeable 
concrete is so essential, and since it is too much to hope that each 
group of investigators on one subject would attempt to use equip- 
ment identical with their predecessors or contemporaries, it then 
becomes of considerable merit that a test should be made as simply 
and inexpensively as possible in order that a large field may be covered 

overlapping and rechecking the work of other investigators—and 
that the results may be easily and readily interpreted and compared 
with those of others. 

The authors’ selection of a sand is remarkable. It is one which 
will emphasize qualitative results but according to other investi- 
gators the quantitative “permeability” might be expected to be 
rather high. It is deficient in the fine material so essential to imper- 
meable concrete. The high permeability obtained is credited by the 
treatise to the surface effect or lack of it although the surfaces were 
not treated with acid nor were they wire brushed. 

The test procedure and the type of specimen selected, since it 
involves a lesser quantity of water than some others, will, as said by 
the authors, tend less toward congestion by silt. It does not seem 


*Los Angeles, Calif 
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reasonable, however, to believe that carbonation is reduced. Car- 
bonation is a surface reaction and depends on contact of the specimen 
with the air for its completion. The high surface volume ratio of 
the specimens and their complete external exposure to the air will be 
conducive to greater, rather than less, carbonation than might be 
expected with some other systems. The discussor has had some 
experience in studying the carbonation reaction effect. Water appears 
to deter the reaction. In a nearly pure carbon dioxide atmosphere, 
used for accelerated tests, carbonation proceeded much faster on dry- 
ing specimens or on specimens in a dry atmosphere than on those in 
a water saturated one. If we can extrapolate this information, we 
might postulate that a small flow of water, as is used in this case in 
this low pressure method of investigation, would deter the reaction 
less than a greater flow. The effect is visible in the authors’ own 
curves. Some effect, chemical or physical, is increasing the imper- 
meability even in the period from 12 to 28 days which is claimed to 
have uniform leakage. However, this does not detract from their 
very interesting qualitative results, assuming that particular pre- 
‘autions were taken to reproduce exactly the environmental con- 
ditions, chronologically, for each test specimen during its history. 

Decreased water content, increased cement fineness, and curing 
have been shown to have their usual effect but the introduction of 
comparative results with TD A is a real contribution to the liter- 
ature and at least partially answers the questions in the minds of a 
great many engineers regarding this evidently promising product 
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Plastic flow in concrete 
R. E. Davis, H. E. Davis and E. H. Brown, Engineering News-Record, Vol. 119, No. 5, July 29, 1937 
p. 180-182 Reviewed by KR. W. Beat 


The authors present general findings and conclusions of a ten-year test series 
showing the effect on plastic flow of aggregate-cement ratio, water-cement ratio, 
kind and fineness of cement, time, kind and magnitude of stress, restraint and tem- 
perature The test findings are supple mented with references where the presence or 
absence of cracks and surface checks is considered as indicative of ability to undergo 
plastic flow 


Modern flat-slab bridges 


Wavrer Preisser, Beton u. Risen, Vol. 36, No. 13, p. 209, July 5, 1937 
Reviewed by A. U. Turver 


This is a supplement to a previous article (1934) relating to the design of long-span 
flat-slab reinforced concrete bridges. The author reviews the progress during the 
past three years in actual construction of this type of structure. Two bridges built 
under the direction of the author and having spans of 75.5 ft. and 98.5 ft. respec- 
tively, are deseribed in detail \ number of other structures of this type are 
lustrated 


Steel and concrete in the Austrian reinforced concrete 
specifications of 1936 
Kant Hanerkarr. Beton u. Eisen, Vol. 36, No. 8 (Apr. 21, 1937) p. 131. Reviewed by A. U. Tueven 
The author discusses the clauses of the Austrian Concrete Specification of 1936 
which permit increases of from 15 to 25 per cent in the allowable stresses in the 
conerete of reinforced beams whenever the percentage of reinforcement is below a 
pecified amount. Under this clause economies are effected with the ordinary grades 
of steel as well as with high strength steels. New applications for high strength 
steels and for special steels with high yield points are also made possible thereby, 
and large economics are visualized as a direct result of this clause 


The value ‘‘n’’ in reinforced concrete structures 

Ince Lyan, Beton u. Kinen, Vol. 36, No. 7, p. 124, Apr. 5, 1937 Reviewed by A, t lueurn 
The author discusses recent attempts to modify or eliminate the modular ratio n 

in reinforced concrete beam design, and states that none of the methods proposed 

satisfies the condition of an equal factor of safety for all cases. Further investiga- 

tions are suggested for developing a method of dimensioning whereby the strength of 

beams becomes a function of the conerete strength. Data obtained in tests made at 


¢é) 
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Lehigh University are presented in a manner indicating the existence of such a pro- 
portionality. The author warns against over generalization of the data. A closure 
by F. Emperger presents these data in a different manner, also pointing out the 
need for a more systematic study of the whole problem. 


Cemented Telford pavement 


H. M. SMALL, Engineering News-Record, Vol. 119, No. 7, Aug. 12, 1937, p. 262. 
teviewed by R. W. Beat 


Cheap street paving is accomplished at Neosho, Mo., when 4-in. to 6-in. field stones 
are placed as Telford and binding and surfacing is effected by using )4-in. mine-run 
chat as coarse aggregate in a 1:2:3 concrete using 7 to 714 gal. of water per sack. 
The surface is finished about 1 in. above the maximum size coarse aggregate. The 
total cost of a 7-in. pavement is $1.80 per sq. yd., of which 76 per cent is for labor 
and 24 per cent is for material and equipment. 


The effects of underground mining operations on surface 
structures 
Carp, Beton u. Eisen, Vol. 36, No. 11, p. 181, June 5, 1937 Reviewed by A. U. THEeurpr 
This relates to surface movements and consequent damage to engineering struc- 
tures from large scale underground mining operations. Certain general principals are 
evolved and methods for preventing or reducing the amount of serious damage 
caused by foundation movements are described. The author makes use of the con- 
siderable experience of the Emscher-genossenschaft, an organization charged with 
the development and maintenance of drainage and runoff structures in the Rhein- 
Westphalia industrial district of Germany where damage of a recurring nature due 
to the mining operations is general. 


The Berman-Oranienburg overpass 
Karu Buume, Beton u. Eisen, Vol. 36, No. 8, p. 129, Apr. 20, 1937. Reviewed by A. U. THEvVER 
The author describes a recently completed highway overpass of novel design on 
the Berlin-Stettin (super) highway. The two engineering problems presented by 
this construction were the large angle of crossing, and the extreme flatness of the 
country making a low level structure desirable in avoiding long ramps. The center 
span consisted of reinforced concrete girders with a span of 39 meters and resting 
on three supports. The two end supports for the girders were cantilever arms, 7.1 
meters long, which extended out from and were built monolithic with the abutments. 
The abutment footings were likewise cantilever arms monolithic with and extending 
out under the low level roadway from the abutments. 


High speed shield tunneling 
Engineering News-Record, Vol. 119, No. 5, July 29, 1937, p. 188-191 teviewed by R. W. Beau 
The 22-ft. Detroit interceptor sewer tunnel is being advanced through soft clay 
at the rate of 50 ft. per 20-hr. day. The primary lining is of precast, interlocking 
concrete blocks of the type used on the Prospect Park subway tunnel in Brooklyn 
and the Ford water tunnel in Detroit. A great improvement has resulted from 
splitting one concrete segment into two key parts, which are set as the ring is erected, 
and are locked in place by a concrete shear pin inserted in grooves cast in the radial 
joint of the key, thereby eliminating the use of wooden dummy keys previously 
necessary during a shove of the shield. The monolithic lining is poured in 50-ft 
sections with the use of collapsible steel forms and a pneumatic placer. 
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New record in pouring concrete. 
Engineering News-Record, Vol. 119, No. 3, July 15, 1937, p. 101-103 Reviewed by R. W. Beau 


Improved methods of handling concrete on the Grand Coulee Dam are expected 
to set a new record of 440,000 cu. yd. per month. The capacity outputs of two mixing 
plants can be delivered anywhere on the dam by means of high and low trestles. 
With the concrete mixing cycle timed at 214 min. the contractors expect to deliver 
from each mixing plant 1 cu. yd. of concrete every 5 sec., or 78 cu. yd. per crew- 
hour when using four crews. Disposal of the excess fines, which make up approxi- 
mately 40 per cent of the pit run, necessitates a supplementary system with nearly 
the capacity of the concrete-placing equipment. 


A contribution to the question of plastic ow of hardened 
concrete 
Heinricw Lurrsuvutz, Beton u. Eisen, Vol. 36, No. 12, p. 203, June 20, 1937. 
teviewed by A. U. Tuever 

Following a theoretical discussion and explanation of the phenomena and causes 
of shrinkage and creep in mortars and concretes, this author develops so-called heat- 
shrinkage and deformation-shrinkage diagrams and from these deduces a relation- 
ship between the effects of heat and humidity on one hand and creep and shrinkage 
on the other. The discussion that follows is involved and concludes with certain 
practical recommendations for an accelerated method whereby the maximum shrink- 
ages and creep of a concrete may be estimated quickly for design purposes. 


The compaction of foundations under dams 


H. Janpe, Beton u. Eisen, Vol. 36, No. 12, p. 193, June 20, 1937 Reviewed by A. U. THEUVER 


The author discusses investigations preliminary to and during the construction 
of cut-off walls which consist of parallel rows of pressure grouted holes. Tests, made 
at various depths on the natural foundation strata both before and throughout the 
period of the grouting to determine the effect of depth and distribution of holes on 
pressure and permeability, are described in detail. The proper method for the con- 
struction of a cut-off wall is also described. In conclusion, a brief statement con- 
cerning specifications and a criterion for determining the point at which grouting 
operations may be stopped are given. 


Road soil base bound with cement 
Haroip ALLEN, Engineering News-Record, Vol. 119, No. 11, Sept. 9, 1937, p. 437-439 
Reviewed by R. W. Beau 

A 1-ft. thick soil base, stabilized by the addition of 6 to 61% per cent of cement, 
has been constructed under a concrete pavement in Kansas. Each of the two 6-in. 
lifts was prepared by pulverizing and drying the soil, thoroughly mixing the dry 
soil and cement, mixing the soil and cement with the proper amount of water and 
finally compacting under a pressure of 140 p.s.i. until the roller made no noticeable 
penetration. The amount of water used was determined by inspection. The pre- 
pared base was several times harder than the untreated base but was more brittle. 
New and specialized machinery must be developed before large-scale operations can 
be undertaken satisfactorily. 


Testing cement and concrete 


Cement and Lime Manufacture. Vol. 10, No. 6, June 1937, p. 161-172 Reviewed by J. C. Pearson 


Short, readable abstracts of some of the papers on Testing Cement and Concrete 
presented at the International Association for Testing Materials, London, April 
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1937, are being published in this journal. Reviews are not possible in the limited 
space available, but the following are covered in the June issue: 

I! Testing Cement and Concrete by Electric Heating. Albert Brund, (Sweden). 

Hy Controlling the Heat of Hydration of Cements. P. H. Bates, (U.S. A.) 

Tests of Waterproofing Materials. J. Loventhal (Denmark). 

Tests on Plastic Mortars in Relation to Other Tests. A. Perfetti (Italy). 
Strength Tests for High Alumina Cement. W. H. Glanville, (England). 

Methods of Testing Cements for Large Dams. B. Hellstrom. 

yf Testing Puzzolanic Cements. F. M. Lea. 


Edison memorial tower for Menlo Park 
; Engineering News-Record, Vol. 119, No. 7, Aug. 12, 1937, p. 275-276 Reviewed by R. W. Beau 


A 118-ft. reinforced concrete tower is to be erected at Menlo Park as a memorial 


iB to Edison’s development of the incandescent electric lamp. The tower will be 
; octagonal in cross-section and will be faced with pre-cast concrete slabs made with 
" special colored aggregate to produce the desired architectural effect. Different 
hy colors of quartz will be mixed for use as aggregate and it is hoped that the glittering 
reflection of the quartz aggregate will blend with the glass bulb which is to be placed 

ib atop the structure so that the whole monument will appear as a monolithic unit. 


The precast slabs will act as the outside wall of the form for pouring the 10-in. con- 
» crete backing. 


Lining the Lincoln tunnel 


Engineering News-Record, Vol. 119, No. 9, Aug. 26, 1937, p. 349-353 teviewed by R. W. Bear 
Ho Placing of the concrete lining of the new cast iron Lincoln vehicle tunnel at New 
York progressed at the rate of 240 ft. per week, although the work was made both 
' difficult and tedious by deep pockets in the iron, thin covering inside the iron and the 


pressure of numerous pipe lines, power and light ducts, outlets of all kinds, and 
ventilation ports. The invert, lower haunch and floor slab were poured and used to 
support the machinery for placing the remainder of the shell. Concrete for the 
ceiling slab was pumped into place. The article gives numerous construction details 
among which are several new developments devised especially for this type job. 


Merchandising designed concrete 


H. F. Tuomson, Engineering News-Record, Vol. 119, No. 8, Aug. 19, 1937, p. 303-306 
teviewed by R. W. Bear 


This points out that due primarily to centralized technical supervision ready- 
mixed concrete is a very high-grade product, and advises that every effort should be 





made to maintain the industry’s unusually good reputation. Considerable discussion 
is devoted to the relative merits of central mixing and truck mixing, together with 
the possible length of haul with various consistencies of concrete in agitating and 
non-agitating trucks. Much of the success of the read-mixed system depends upon 
full cooperation between the plant and job, and often the ready-mix companies 
can offer valuable advice to an inexperienced or non-technical contractor. The 
simplicity of truck-mixing equipment has caused some small, inexperienced concerns 
to enter the field with a product of questionable quality, thereby introducing a 
hazard against which the industry must guard. 


SE 
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Comparative tests on the influence of concrete coverage and 
the influence of stirrups on reinforced concrete beam 

carrying capacities 

F. Gepaver. Beton u. Eisen, Vol. 36, No. 8, Apr. 20, 1937, p. 134 Reviewed by A. U. THEUVER 

On the basis of a number of experiments made on reinforced conerete beams which 
are described in this paper, the author arrives at the following conclusions. (1) In 
beams aged for seven weeks, stresses considerably above the elastic limit of steel are 
developed in the reinforcement. (2) The cause of these stresses are ascribed princi- 
pally to shrinkage of the concrete. (3) Those beams which have a larger concrete 
cover around the steel—i. e., subjected to greater shrinkage stresses, also have the 
larger load carrying capacity. (4) Beams built up with inclined or bent up bars 
show less cracking and under certain conditions have a higher dactor of safety than 
beams with vertical stirrups. 

Comparative tests made on beams similar in all respects to those aged for seven 
weeks but tested at the age of one year, resulted in decreased breaking moments 
ranging from 4.3 to 6.1 per cent, and this in spite of a 15.5 per cent increase in 
concrete strengths. This is assumed to be due to a release of the shrinkage stresses 
and the appearance of fatigue and creep phenomena. 


Influence lines for ideal shearing stresses in beam haunches 
Uvrica Fiscner, Beton u. Eisen, Vol. 36, No. 7, p. 120, Apr. 5, 1937 teviewed by A. U. THever 
The author discusses a clause in the German concrete specifications permitting 
an increase in the allowable shearing stresses at the fillet or haunches of beams with 
enlarged cross-sections. It is pointed out that the most unfavorable load condition 
for Q (total shear) is not the same as that for M, and that a correct solution of this 
problem would require that moments corresponding to every load condition for Q be 
computed. A formula by Moérsch now in general use for approximating the correc- 
tion applied to Q, is considered satisfactory for building design. For bridges, 
however, particularly cantilever-beam types, this formula may lead to serious 
error. The decrease in b Yo (Yo shearing stress assuming no tension in the concrete) 
cannot be determined by inspection. The suggestion is made that for structures 
designed with the aid of influence lines, lines should be drawn to include Q as 
well as M. A method for doing this is illustrated by means of several examples. 


Measurements of volume change in concrete structures 
O. V. Ssopin, Betong, 1936, (2) 76-83. Building Science Abstracts, (London No. 231, Feb., 1937. 
HicgHway Research ABSTRACTS 
An iron bar approximately 15 ft. long was embedded about 314 ft. in a concrete 
deck slab 151% in. thick, the greater part of the remaining length of bar being enclosed, 
but freely movable, in an iron tube embedded in the slab. The end of the bar, bent 
to form a V, projected. Over a period of about 12 months the variation in length 
of the space between the tip of the bar and the slab was measured at frequent inter- 
vals, first by a dial extensometer secured to an iron block embedded in the concrete 
and later, at longer intervals, by a micrometer. The concrete temperature was 
measured by a thermometer, the bulb of which was embedded in the slab. As the 
coefficient of expansion of the iron and concrete are very close, and as the mean 
temperature of both concrete and bar must be the same, the movements measured 
would be independent of temperature variations in the concrete. The volume change 
curve showed increase of volume for about one month, and after that continued 
shrinkage. After approximately 44% months the concrete volume was again the 
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original volume at time of placing, that is, with allowance made for volume change 
due to temperature. 


Measurements to determine the stresses in the reinforcing 
steel of beams due to the shrinkage of the concrete 
Orro Grar, Beton u. Eisen, Vol. 36, No. 10, p. 175, May 20, 1937. teviewed by A. U. THoever 
Length changes taking place at various places over the entire surface and in the 
reinforcing steel of two large concrete beams, covering a period of two years, are 
graphically shown. One of the two beams represents a commercial portland cement 
concrete and the other a high-early strength concrete. The assumed zero in both 
cases is based on a set of measurements made after the beams had aged four days. 
From these data the following conclusions are summarized by the author. (a) The 
maximum shrinkage for the portland cement concrete reached a limit of 0.038 per 
cent and for the high-early strength concrete a limit of 0.05 per cent. (b) The con- 
traction of the steel bars as a result of the shrinkages of the two concretes reached 
limits of 0.016 per cent and 0.022 per cent, respectively. (c) The contractions of 
the steel bars are measures of the forces carried over from the concretes into the steels. 
With a contraction of 0.02 per cent the stress in the steel bar would be 6550 p.s.i. 
and the total load (diameter of bar 26 mm.) 5300 lb. 


Notes on vibrated concrete 


Concrete Building & Concrete Products Vol. 12, No. 5, May 1937, p. 85-92; No. 6, June 1937, p. 107-8, 
J 


110, 114, 116; No. 7, July 1937, p. 129-132 Reviewed by C. PEARSON 


A series of articles and discussions on vibration in this English journal indicates a 
lively interest in the subject among products manufacturers. Tests by the Building 
Research Station are briefly reported in the June issue, with the following conclusions: 
(1) Use of vibration allows satisfactory consolidation to be obtained with lower w/c 
than hand placed concrete. (2) The acceleration should be above a certain critical 
value depending upon the stiffness of the mix. (3) The frequency of vibration is not 
normally of such importance as the acceleration. Thus for very dry mixes, low 
frequency is better than high, but for all mixes, high frequency vibration gives better 
surface finish so long as the vibration is sufficient to consolidate the concrete. (4) 
The time of vibration, for a given acceleration, to consolidate the concrete is greater 
for high frequencies, particularly with dry mixes. A communication from one of the 
suppliers of vibrators in the June issue gives some good practical advice to products 
men, as follows: (a) Vibrate while molds are being filled to facilitate removal of air 
(b) Use a suitably graded dry or semi-dry mix. (c) Use rigid, well built molds, with 
tight joints. (d) Adapt manufacturing methods to suit vibration, not vibration to 
suit old methods. (e) Experiment until the best results are obtained. 


The specific surface of cement 


W. Hornxe, Cement and Lime Manufacture. June 1937, p. 173-181 Reviewed by J. C. PEARnson 


The paper describes Haegermann’s method for the estimation of specific surface, 
which is based on a determination of the fraction below 30 microns. This in relation 
to a series of curves taken from complete mechanical analyses of cements of different 
fineness permits an estimate of the other fractions, and thus an approximation to 
specific surface. The author points out the limitations of this method and also those 
of Andreason’s pipette method, and suggests that certain optical methods may be 
faster and equally satisfactory. He reports a number of tests by the above mentioned 
methods in comparison with surface factors determined by Witte’s Leukometer and 
the Pulfrich photometer, both of which give measures of the whiteness and blackness 
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contents of a standard powder and a mixture of this powder with the cement under 
examination. Some comments on Dr. Hornke’s article by Grunow indicate that a 
major source of error lies in the surface assigned to the minus 10 micron fraction, 
and that the methods used in Germany give very much lower values than the Wagner 
turbidimeter. He correctly argues that the specific surface should be calculated from 
a particle size distribution curve, and that when arbitrary factors are standardized 
by international agreement, the method should be used for standardizing apparatus 
which employs the optical method. 


The influence of silicious admixtures on lime hydrate, heat 

of hydration, and strength of portland cement 

Hans KeLves Beton u. Eisen, Vol. 36, Nos. 14 and 15, p. 231, July 20 and Aug. 5, 1937 
Reviewed by A. I HEUER 

An investigation to determine the effect of six silicious admixtures on the residual 
free lime content, heat of hydration and strength in portland cement mortars is 
described. For the determination of the free lime hydrate, specimens were made 
using straight portland cement and mixtures of portland with the various silicas 
in the ratios 90:10; 80:20; and 70:30. (The materials were mixed by grinding in a 
ball mill for one hour.) At early ages determinations were made at intervals of one 
week and at later ages at increasingly longer intervals. Diatomaceous earth and 
shale flour are stated to constitute excellent admixtures since both go into chemical 
combination with the lime hydrate. 

\fter discussing the relative merits of adiabatic and isothermal methods for 
determining heats of hydration, the author states his reasons for favoring the former 
method in this study. A very important indicator of the thermal properties of a 
cement is stated to be the differential quotient of the heat of hydration (i. e. heat 
of hydration per unit of time). Deleterious silica can be detected by a too sudden 
rise in the heat-rise curve. With the shale flour a large and destructive heat rise 
occurred 

\ fundamental change in heat properties is stated to follow a period of storage. 
The total heat is decreased and the temperature at time of set is lowered but the 
heat rise takes place very suddenly as evinced by high peaks in the heat rise curves 
of those cements stored for a period. 

Strength investigations are stated to constitute the criteria for the usability of 
admixtures. Noticeable losses in strength were found with tale and quartz flour 
and an increase in strength with diatomaceous earth and shale flour 


A decade of bridges 
Witaur J. Watson, J. H. Jansen, Publisher, Cleveland, Ohio, 144.8% x 11 p.; 1937 
Reviewed by Ciype T. Morris 

\s stated by Dr. Watson in his preface, this book of 144 pages was originally 
intended as a supplement to his earlier book “Bridge Architecture’ published in 1927, 
but because of the great number of notable bridges completed in the last ten years, 
and the unprecedented size of many of them he decided to publish it as a separate 
volume. 

“Bridge Architecture” is a compilation of photographs of famous bridges from the 
earliest times to 1926. The present volume contains 110 illustrations of the notable 
bridges of Europe and America which have been built in the last decade, and the 
text gives structural data, spans, width of roadways, foundations, ete. At the end of 
the book are two appendices, one giving the names of the principal contracting firms 
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responsible for the construction of the bridges illustrated, and the other a bibliography 
of descriptions in technical journals of the bridges included in the text. This latter 
is a most valuable adjunct, as the descriptions in the text are generally non-technical 
in character. 

The volume starts with an introduction by Paul Crét, noted American architect, 
in which he comments on the necessity of harmonious collaboration between the 
engineer and the architect if the most satisfactory solutions of problems in bridge 
design are to be attained. 

The text is well written, the illustrations well chosen and beautifully reproduced. 


On the shape and surface condition of the particles of 
concrete aggregate 
R. Feret, Annales de L’ Institut Technique du Batiment et des Travaux Publics, Vol. 2, Mar.-Apr. 1937, 
p. 52. Reviewed by W. H. Herscuer 
Concretes were made from aggregate coated with vaseline, but the strength tests 
was contradictory and the conclusion was reached that there is no method available 
to determine the adhesion between different aggregates and cement, unaffected by 
surface condition and shape of particles. In some cases however, as in adjusting a 
crusher or in checking deliveries of aggregate, it may be necessary to avoid too large 
a proportion of flat or elongated pieces. Various methods have been proposed for 
measuring particle shape, such as relative volume, volumetric coefficient and gran- 
ular index. The best system yet proposed appears to be that of Marwick (Road 
Research Bull. No. 2, London, 1936; compare Walz, Proc. A. C. I. Vol. 32, p. 527). 
For aggregate passing sieve with openings of diameter D and retained on sieve with 
openings d, the maximum diameter of particle perpendicular to its length L is on 
D+d 


9 


the average, b = , while a is the diameter at the middle of LZ, perpendicular 


to the plane of L and b. Then the modulus of flatness, a/b should not be lower than 
0.6 and the modulus of elongation, c/b not over 1.8 to insure that the aggregate will 
not require an excessive amount of water, decrease the compactness and strength, 
nor yield harsh concretes, difficult to place and showing excessive segregation. 


Quicker testing of cement and concrete by electric heating 
ALBERT BRUND, International Association for Testing Material April, 1937 


Hicguway Researcu ApsTRACTSs 

Numerous tests made in 1928 by A. Brund and H. Bohlin showed that cement or 
concrete specimens electrically heated for about 8 hours to a maximum temperature 
of 80° C. and then cooled to room temperature have a compressive strength amounting 
to about 75 per cent of that attained by a test piece made of the same mixture after 
natural curing for 28 days. It was apparent at that time that the use of electric 
heating for acceleration of the hardening process would allow determination of 28-day 
strengths as early as 24 hrs. after preparation of the test pieces. 

When alternating current is fed to a fresh cement or concrete mixture, heat is 
generated in the paste, accelerating the reaction between water and cement. By 
measuring the electrical resistance of the mixture it was found that resistance 
decreased during the first period of hardening until the beginning of binding, where 
it reaches its minimum. Resistance increased during subsequent heating as the 
paste hardened. The rate of curing is uniform throughout the mixture. If at some 
point of the mass more heat is developed than elsewhere, causing the curing to pro- 
gress further at that particular point, then its electrical resistance increases, with 
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the result that the current deviates to some other point where curing has not yet 
gone so far and where resistance is consequently smaller. In this way heat develop- 
ment and curing are automatically regulated, resulting in uniform distribution of 
heat and moisture. 

It follows that the cement or concrete specimens produced in this way will be of 
uniform hardness, so far as this is possible with present mixing methods, and that 
strength variations in test specimens will be thereby reduced. In the tests made, 
deviations of the strength figures from the mean value were generally below 2 per cent. 

To determine the strength which a cement or concrete mixture will have after a 
definite period of time, the mixture is placed in a metal box lined with non-conducting 
material. The size of the box must be such that the specimens have standard dimen- 
sions. Thin metal plates serving as electrodes are inserted between the cement or 
concrete paste and the insulating material on two opposite surfaces. A tight cover 
must be screwed on the box so that it resembles an autoclave. 

For ascertaining the temperature a thermometer must be mounted in the box in 
such a manner as not to damage the mixture, or a thermo-electric element may be 
introduced into the mass. The current supply is regulated by means of rheostats. 
A voltmeter and ampere meter are added if resistance is to be measured. 

With a view to developing the method further, a series of tests will be made on a 
larger scale, using Swedish materials. 


Influencing the elasticity of concrete 
A. HumMeE.L, Betonstrasse, 1936 11 (3), 61-5; (4), 82-8. From Road Abstracts, Nov., 1936, No. 468 
HiGguway Researcu ABSTRACTS 

Cracking of concrete can be minimized by increasing its tensile strength or by 
reducing the shrinkage tendencies of the cement or concrete. A third way is theoret- 
ically possible but has received very little attention, namely, increasing the elasticity 
of the concrete. The problem is to decrease the modulus of elasticity without 
reducing the strength of the concrete. Investigations of concrete elasticity have 
hitherto considered only variations of the mix ratio, of the water-cement ratio, and 
of aggregate grading. There remains the influence of the stone used for aggregate 
and of the cement matrix. To investigate the former factor, tests were performed 
on prisms 11.8 in. by 4 in. by 4 in. made from mixes containing 594 lb. per cu. yd. of 
(a) ordinary portland cement and (b) high-grade portland cement. Eleven different 
minerals were used as aggregate, including basalt, quartzite, limestone, lead slag, 
etc. The water-cement ratio is not given, but the mix is stated to have been plastic. 

Tests revealed that concretes of practically identical compressive strengths but 
containing different stones as aggregate may exhibit considerably different moduli 
of elasticity. In the compression tests, of the aggregates normally used for road 
concrete, basalt gave a concrete (compressive strength 3,700 to 4,050 p.s.i.) with a 
modulus of elasticity ranging from 6,940,000 at a stress of 285 p.s.i. to 5,030,000 at a 
stress of 2,275 p.s.i. Quartzite gave a concrete (compressive strength 3,840 to 4,050 
p.s.i.) with a modulus of elasticity ranging from 3,950,000 at a stress of 285 p.s.i. to 
2,860,000 at a stress of 2,275 p.s.i. 

Further tests were made to find whether corresponding results would be obtained 
in the case of elasticity tests under tension. Surfacing mixes were used containing 
594 lb. of high-grade portland cement per cu. yd. The fine aggregate was natural 
sand 0 to 7 mm. Various stones were used as aggregate, with the same grading in 
each case. The concrete was placed slightly plastic. Transverse bending tests 
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with 4-point loading were made on beams 22 in. by 4 in. by 4 in. and the strain 
measured with a Brenner estensometer. Noticeable differences in the strain at 
fracture were found with the different aggregates in beams having the same trans- 
verse bending strength. The elastic modulus at fracture of basalt conerete (com- 
pressive strength 7,900 p.s.i.) was 3,540,000; that of quartzite concrete (compressive 
strength 6,870 p.s.i.) was 2,400,000. 


Aggregate vibration method of concrete control 


Road Research Technical Paper No. 4, Department of Scientific and Industrial Research and Ministry of 


Transport, England, 1936 Hiaguway Researcu ApsTRACc! 


Control of the water-cement ratio, upon which the quality of conerete largely 
depends, is made difficult by the varying percentages of water present from time to 
time in the sand and coarse aggregate. Experiments conducted with the “inunda- 
tion” method show that while this control does eliminate bulking, in general it 
cannot be used except for rich mixes, and thus its usefulness is considerably limited. 

Attention was accordingly directed towards a method of insuring in the sand a 
constant water content which would be less than that required for inundation, 
thus allowing more scope for adjustment of the water required at the mixer and 
extending the variety of mix proportions over which control could be exercised. It 
was also desired that the method be applicable to coarse as well as fine aggregate 

Experiments made in the laboratory and field have shown that by vibrating satur- 
ated sand and gravel a considerable improvement can be effected in the uniformity 
and quality of concrete manufactured under practical conditions. This improve- 
ment can be assured whether the sand alone is vibrated, or both the sand and the 
gravel, but the latter procedure is recommended as giving a rigidity of control which 
has hitherto been unobtainable. 

The effects of the bulking property of sand are completely eliminated and a major 
source of variation in concrete quality is thus removed. The method insures that 
remarkably uniform quantities of materials will be delivered into the mixer. Further, 
by vibrating both sand and gravel, a standard quantity of water will be incorporated 
in the aggregates, and rigid control can then be exercised over the quantity of water 
added to the mix by the mixer operator. 

The apparatus used for the vibration method of control does not necessitate 
special experience to operate, and may be run by the mixer engine and fixed to the 
mixer, or made into a self-contained unit with wheels. 

From the experience gained in the field it appears that the following precautions 
are necessary for the successful application of the method. First, it is important 
that the time of vibration be kept sensibly constant. It is also desirable that the 
aggregates be reasonably uniform as to size and shape; angular meterials require 
more water than subangular aggregates, and a mixture of the two types thus intro- 
duces a source of variation in the quantity of water required at the mixer. The use 
of hot cement should be avoided, as this also requires a higher water content. It is 
essential that a generous water supply be available in order to insure saturation of 
comparatively dry sands; arrangements should be made for carrying surplus water 
to waste. 


The production and application of prestressed concrete 

K. Lenx, Beton u. Eisen, Vol. 36, No. 10, p. 161, May 20, 1937. Reviewed by A. U. Tururn 
A general discussion is presented regarding the production, properties, and applica- 

tions to practice of prestressed-concrete. The author includes under the term pre- 
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stressed concrete (Spanbeton) all concrete in which the reinforcing steel is stressed 
to such a degree before concreting that it will exert against the concrete after harden- 
ing stresses that are opposite in direction to those of a service load. A brief history 
of this material gives credit to Lund and Koenen (1907) as the first to suggest the 
idea, and to Freyssinet as the first to demonstrate practical methods of production. 
The technical advantages claimed for prestressed concrete, by this author are: a 
more economical use of high strength steels and strong coneretes; a decrease in the 
tendency towards cracking and avoidance of tension zones in the conerete under 
service conditions; the use of the full cross-sectional area for resisting bending 
stresses with consequent lightening of section and saving in materials; and a better 
distribution of stresses within a member due to the possibility of varying the stresses 
in the reinforcement. Steel having a breaking strength of from 128,000 to 170,000 
p.s.i. and a yield point of from 99,500 to 128,000 p.s.i. is currently used, and the 
prestressing is then of the order of 78,200 p.s.i. Used in conjunction with high- 
strength (Freyssinet) concretes it is stated as experimentally established that the 
stress drop in the steel due to shrinkage and ercep phenomena will be upproxi- 
mately 21,300 p.s.i. leaving a final value of 56,900 p.s.i. for the prestressing. 
Small bars only are recommended for use because of their greater yield strength 
and greater surface area. Concretes used are made with carefully graded aggregates 
and ordinary portland cement (500 kgs. per m* of concrete). The rapid rate of 
hardening and high strengths attained by the concrete are due entirely to the methods 
of treatment after pouring. This treatment consists of three steps; vigorous vibra- 
tion, pressure dewatering, and heating. 

Four methods of prestressing the steel are described in detail and illustrated as 
well as the forms used and the technical considerations essential to the attainment 
of a satisfactory product. Stirrups as well as longitudinal steel may be prestressed 

To further illustrate suecessful practice the construction of an I-beam, 60.8 ft 
long, by Wayss and Freytag, A. G., in Frankfort, Germany, and the production of 
concrete pipe under the direction of Freyssinet in Paris are described. The beam 
which was a model in the ratio of 1:3 of some structural beams for a building were 
constructed in twelve sections, the forms being moved along from one end of the 
beam to the other and each additional section conereted directly onto the previou 
section without any special precautions. The time required to produce such a beam 
before placing in service is stated to be from 60 to 70 hours Another illustration of 
the use of prestressed concrete is the production and driving of piles under the base- 
ment of the sinking railroad station at LeHavre, France, by Freyssinet. Several 
completed structures built with prestressed beams, one having a span of 164 ft., are 
deseribed. A clear span of 328 ft. is stated to be entirely feasible. The author 
emphasized the point that prestressed units receive their maximum loads at the 
time the prestressed steel is first released thus automatically making a test specimen 
of each beam before it is put into service. He also calls attention to the two-dimen- 
sional nature of the stress problem in prestressed units. 


Workability of concrete and mortars 


Eow. W. Scurprune, Engineering News-Record, Vol, 119, No. 1, July 1, 1937, p. 17-21 
Reviewed by 8S. J. CHamunniin 


A better concept. of workability of mortars and concretes is possible when the 
term is broken up into its components. The author considers mobility and cohesive 
ness as prime factors in workability. The flow-shear conception developed by KE. C 
Bingham involves the relation of flow to shearing stress. A plastic material does not 
flow until a definite minimum pressure is applied. his minimum value indicates 
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the resistance to deformation, the quality which enables the mass to retain shape and 
prevents segregation. The rate at which flow increases with pressure is known as 
the mobility, which determines the ease of placement. The mobility is primarily 
dependent upon the fluidity of the water medium, modified by the frictional resistance 
between the solids. The slump cone and flow table measure the resultant of the two 
factors, mobility and cohesiveness, and so do not give true indications of workability. 
The effects of small changes or additions can be determined by observations of the 
results from handling in the manner as it would be in the field, that is, ease of placing, 
segregation, honeycombing, water-gain, surface finish, and internal texture. 

Mixes for different purposes require different, to a varying degree, qualities. Water, 
fine aggregate and coarse aggregate increase mobility, while the cement increases 
cohesiveness. The idea in mix design, of course, is to use as much aggregate and as 
little water and cement as possible, and still produce concrete of the desired quality. 
Admixtures have an effect on workability, as well as an effect on other qualities, such 
as strength, volume change, and density. The best known admixtures are finely 
divided, insoluble solids which do not hydrate, diatomaceous earth, tale, pumice and 
the like. They supply additional fine material to the cement paste, increasing cohe- 
siveness and decreasing mobility, but are of value only in mixes which do not have 
the proper proportions of fines from the sand and cement. The decrease in mobility 
results in the addition of water. Finely divided solids which hydrate, limes, clays 
and cements, form a class of admixtures which decrease the mobility and increase 
the cohesiveness, but have a detrimental effect in mixes already having a correct or 
excessive proportion of fines. Stearates have been used as admixtures to improve 
water-proofing, but they have an effect on workability. They act in part as pro- 
tective colloids, increasing mobility and possibly slightly increasing cohesiveness. 
Electrolytes—calcium chloride, calcium sulphate, etc.—are used to retard or accel- 
erate the set. Their effect on workability is not well known. Protective colloids of 
organic origin such as glue, casein, ete., increase mobility and slightly increase cohe- 
siveness, but unfortunately most of these materials practically destroy the setting 
properties and strength of the cement. Inorganic protective colloids do not have the 
detrimental effects on strength, but the effect on workability is small. Organic 
dispersing agents improve the two components of workability, but some have detri- 
mental effects on the mix. In his conclusion the author points out that workability 
is one of the most important properties of concrete and that without it the other 
properties cannot be fully developed. A properly designed mix has the maximum 
workability, for the given conditions, with a minimum of water. Careful proportion- 
ing and size-grading result in an improved workability. Mixes low in fines may have 
their workability improved, without detrimental effects, by the addition of either 
inert or puzzolanic fines. Materials of a colloidal nature are available for increasing 
workability, especially the mobility component, with beneficial effects upon the other 
properties. Where ‘‘fatness” is required lime and clay may be added, but at the 
expense of strength. A good admixture increases workability without increasing the 
water-cement ratio. 
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Report of 1937 Nominating Committee 


In conformity with the provisions of 
Section 4 of Article II of the By-Laws 
the list of candidates submitted by the 
Nominating Committee is here reported 
to Institute members: 
President——-JoHN J. EARLEY 

Mr. Earley, now serving his second 
consecutive term as Vice-President of 
the Institute, is an architectural sculp- 
tor; heads the Earley Studio, lives in 
Washington, D. C.; originated the 
“Earley plastic mosaic.’”’ In 1934 he 
was awarded the Institute’s Henry C. 
Turner Gold medal for “outstanding 
achievement in developing concrete as 
an architectural medium.” Mr. Earley 
joined the Institute in 1917; became a 
member of the Board of Direction in 
1924 when appointed Director from 
the Fourth district to fill a vacancy. 
He became Vice-President by appoint- 
ment in 1926 and he resigned from the 
Board in 1927. In February 1932, he 
again became ja Board member when 
he was appointed Director from the 
Fourth district to fill the unexpired 
term of P. H. Bates. He was elected 
Vice-President. in 1936; was re-elected 
in February 1937. 


Vice-President (to succeed himself)— 
FRANK E. RICHART 

Mr. Richart is Research Professor of 

Engineering Materials, University of 

Illinois, a member of the Institute since 


(1) 


1917 and of the Board of Direction 
since 1934 when he was appointed 
Director Fifth district to fill the unex- 
pired term of F. R. McMillan who 
became Vice-President. He was elected 


to the office in 1935 and re-elected 
1936 and elected Vice-President in 
1937. He is chairman of the Institute’s 


Advisory committee, member of Pro- 
gram and Publications committees and 
Vice-Chairman Committee 115, Re- 
search. 


Vice-President—-R. B. YouNG 


Mr. Young has been an Institute 
member since 1917, member of the 
Board as First District Director, 1930- 
1935 and since, after a year’s lapse, as 
Director-at-large. He is Senior En- 
gineer of Tests, Hydro-Electric Power 
Commission of Ontario, Toronto. He 
has been an active contributor to In- 
stitute work as a writer of papers and 
as member of both administrative and 
technical committees—see these pages 
September-October 1935 and March- 
April 1937. 


Director, First District (to succeed 
himself)—Mu.es N. Ciarr 


Mr. Clair is Vice-President, Thomp- 
son & Lichtner Co., Inc., Boston, and 
active as an engineer in the field of 
concrete and concrete materials; has 
ably handled many Institute tasks. 
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He is a member of the Institute’s 
Advisory Committee and of the newly 
created Standards Committee; is top 
man so far this convention year in 
sponsoring new members. He was 
elected to the Board in February 1937. 


Director, Second District-—F. E. 
ScuMITT 

Mr. Schmitt who is Editor of En- 
gineering News Record, isthe only “new 
blood” presented by this year’s Nomi- 
nating Committee for the Board of 
Direction of the Institute. Mr. 
Schmitt was born in Elizabeth, N. J. 
in 1879; was graduated from the Uni- 
versity of Wisconsin as a Civil En- 
gineer. Then followed a few years on 
machine construction and on structural 
steel design with the old Berlin Iron 
Bridge Co. and its successor the Amer- 
ican Bridge Co. after which he joined 
the staff of Engineering News in 1902. 
Following the consolidation of Engi- 
neering News and Engineering Record 
as the present Engineering News- 
Record he continued as an associate 
editor and on the death of Frank C. 
Wight in 1927 he took over the edi- 
torial direction of the paper and was 
formally appointed Editor in July, 
1928. 

His editorial accomplishments are 
many—outstanding among them his 
report of the collapse of the Quebec 
Bridge in 1907. He worked also on 
the failure of the Austin, Penna. dam, 
the Knickerbocker Theater roof col- 
lapse and the Florida hurricane of 
1926. Always much interested in 
federal land reclamation, Mr. Schmitt 
prepared in 1923, when the reclamation 
situation was serious, a series of field 
observations that brought him recog- 
nition as an authority on land reclama- 
tion. In 1934 he was appointed by 
Secretary Ickes a member of a two- 
man commission to make another study 
and report upon federal land reclama- 
tion. Because of his early training in 
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structural work Mr. Schmitt has been 
active in structural developments and 
has participated in building code work. 
He has been active in the work of the 
American Society of Civil Engineers, 
American Society for Testing Materials, 
and American Concrete Institute. 


Director, Third District (to succeed 
himself)—-INar Lys 


Mr. Lyse, an Institute member since 
1926, is Research Professor of Engineer- 
ing Materials at Lehigh University, 
Bethlehem, Pa. He has contributed to 
A. C. I. work in individual papers and 
committee undertakings notable 
among the latter the Institute’s re- 
inforced concrete column investigation. 
He is secretary of Committee 115-Re- 
search and a member of the Publica- 
tions committee. (see also p. 16) 


Director, Fourth District (to succeed 
himself)—F. H. Jackson 


Mr. Jackson, an A. C. I. member 
since 1924, is Senior Engineer of Tests, 
U. 8S. Bureau of Public Roads, Wash- 
ington, D. C. He is a member of the 
Institute’s Advisory Committee and 
is one of the Institute’s representatives 
on the present Joint Committee on 
Specifications for Concrete and Rein- 
forced Concrete. Long active in Insti- 
tute work, he was elected to the Board 
in February 1937. 


Director, Fifth District (to succeed 
himself)—M. O. Wirnry 


Morton Owen Withey, member of 
the Institute since 1921, is Professor of 
Mechanics, University of Wisconsin, 
Madison. He has been an active con- 
tributor to Institute technical work, 
was winner of the Wason Medal for 
Research in 1931 for his paper ‘Long 
Time Tests of Concrete.’’ He is chair- 
man of the Institute’s Committee 115, 
Research, and was elected to the Board 
last February. 
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Director, Sixth District (to succeed 
himself)—Herpert J. GILKEY 


Professor Gilkey has been a member 
of the Institute since 1924 and an active 
contributor to discussions. 
He is Head, Department of Theoretical 
and Applied Mechanics, Iowa State 
College, Ames, Ia., and was elected to 
the Board last February. 


research 


Director-at-Large (for three years to 
succeed himself)—Raymonp E. 


Davis 


Doctor Davis, an A. C. I. member 
since 1926 and of the Board of Direc- 
tion since 1930 as Sixth District Direc- 
tor and as Director-at-Large, is Pro- 
fessor of Civil Engineering and Director 
of the Engineering Materials Labora- 
tory, University of California. Last 
year he was honored by his alma mater, 
University of Maine, with the degree 
Doctor of Engineering. He has been 
an active contributor to Institute work 

see these pages January-February 
1935 and September-October 1936. 


The Nominating Committee also 


nominates twenty A. C. I, members 
from whom five are to be elected to 
serve with the three latest Past-Presi- 
dents, on the 1938 Nominating Com- 
mittee. 


Nominating Committee (five to be 
elected). 


D. E. 
H. Kk. Thompson 
R. R. Zipprodt 
A. T. Goldbeck 

t. B. Crepps 
Ben. Wilk 

A. N. Talbot 

R. W. Crum 

H. F. Gonnerman 
G. E. Troxell 


L. H. Tuthill 

G. A. Maney 

M. A. Swayze 

H. P. Bigler 

C. M. Chapman 
G. M. Williams 
Blaine S. Smith 

A. J. Boase 

R. C. Johnson 

H. M. Westergaard 


Parsons 


The membership of the 1937 Nomi- 
nating Committee is as follows: 

A. E. Lindan, Chairman 

P. H. Bates 

R. W. Carlson 

Hardy Cross 

Arthur R. Lord 

F. R. MeMillan 

Stanton Walker 

H. M. Westergaard 


The 1938 Convention 
Program 


At a meeting of the Board of Direc- 
October 2, F. R. MeMillan, 
Chairman, Program Committee pre- 
sented for discussion an outline of the 
major events planned for the meetings 
to be held in Chicago in February. 


tion 


There will be a three-day convention 
at the Palmer House—the first session 
at 2 p. m., Tuesday, February 22, the 
34th Annual Dinner the evening of 
February 23 and the final session the 
evening of Thursday, February 24. 
Detailed announcements will follow as 
rapidly as the convention contributors 
and their subject matter are definitely 
scheduled. 








The Supplement 

To members and subscribers, with 
this JOURNAL issue goes a Supplement 
which contains: 

(1) Instructions for binding Pro- 
ceedings Vol. 33—complicated by pro- 
visions to follow (in bound volumes) 
the papers and reports with the dis- 
cussion which they prompted. 

(2) Title page and Contents 

(3) Concluding discussion of papers 
appearing in Vol. 33 (September- 
October 1936 to May-June 1937). 

(4) Proceedings Index 


(5) Current Reviews Index 
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R. W. Crum heads new 
A. C. I. Standards 
Committee 


With the revision of the By-Laws 
at the last convention and their ratifi- 
cation by letter ballot, the Board of 
Direction set up the rules under which 
A. C. I. Standards are to be developed 
and adopted. 

For the important responsibilities 
of administering the new procedure a 
committee of eight is being organized. 
R. W. Crum, Director Highway Re- 
search Board, Washington, D. C. has 
accepted the chairmanship of the new 
Standards Committee, whose full mem- 
bership will be announced soon. The 
Rules adopted by the Board with 
respect to Standards appear in these 
pages. 

The Board is now, through a special 
committee, headed by R. E. Davis, 
developing a complete code for all 
Institute Committee activity. 

Notable in the new Standards pro- 
cedure are provisions that: 

All proposed standards prior to 
presentation to the Institute as a 
whole must be approved by four or 
more members of the Standards 
Committee. The Standards Commit- 
tee will not be responsible for technical 
content of a proposed standard but for 
the representative character of the 
sources upon which it is based. The 
Standards Committee may adopt such 
means as it deems best to determine 
the adequacy of a proposed standard 
and may fix the interval in which it is 
open to criticism before formal pre- 
sentation to the Institute. 

Standards are automatically with- 
drawn three years after adoption. 

There will be no “tentative” stand- 
ards. Committees will propose stand- 
ards—a status in which they carry only 
the recommendations of a committee; 
when and if the Institute adopts a 
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proposed standard it attains the full 
status of an A. C. I. Standard. There 
will be no intermediate, tentative 
status. 


A majority of members voting in 
convention may refer a proposed 
standard to letter ballot; but nine- 
tenths of members voting are required 
to amend a standard on the floor of the 


convention. 


Rules for consideration and 
adoption of standards 
By-Laws Article V, Section 1 The Board of 


Direction shall adopt such rules and regulation 
governing the procedure for the consideration 


and adoption of Standard Specifications, Stand 
ard Practice Recommendations and Standard 
Definitions as will safe-guard their soundness 


and representative character 


Under the authority of the By-Laws 
(as revised this year and quoted above) 
the Board of Direction has adopted 
the following rules: 


(1) Subject to its responsibility under 
the By-Laws for Standards of the Insti- 
tute the Board delegates jointly to the 
Advisory and Standards committees 
the administration of the Institute’s 
work in the promulgation of Standards. 
With the Advisory committee is the 
responsibility for the initiation of 
technical committee standardizing ef- 
forts and the nomination of committes 
personnel in each instance, with duc 
regard for the importance of such a 
balanced and thoroughly representative 
committee membership as will, at the 
outset, tend to safeguard the “sound 
ness and representative character’ of 
the standards to be written. 


(2) When a technical committee for 
the development of a standard has 
been organized, notice of its assign- 
ment and personnel shall be published 
in the JounNaAL and it shall be the 
responsibility of the Secretary of the 
Institute to bring such notice to the 
attention of societies known to have 


an interest in, or be in a position to 





A.C.I. News Letter 5 


submit data pertinent to the work to 


be undertaken. 


(3) When a new or 
ard is proposed by a 


a revised stand- 

majority in a 
the 
preparation and upon its 


technical committee assigned by 
Board to its 
receipt by the Secretary of the Institute, 
it shall be referred to the Standards 
Committee, which shall be responsible 
for its critical examination to determine 
suffi- 


cl ntly comprehensive and re presenta- 


its worthiness as a document 


tive in character to be submitted to 
the Institute 


as a Standard of the Institute. 


with a view to adoption 


(4) The Standards Committee shall 
have a Chairman and six other mem- 
bers, appointed for such terms that 
two new or re-appointments shall be 
made year The 
the Institute shall be 
non-voting member, and shall be 
the 

the 
mittee shall be further augmented for 
the 
posed standard, by the Chairman (or 


each Secretary of 
an additional, 
the 
The 


Secretary of Committe 


membership of Standards Com- 


sole purpose of reviewing a pro- 
member designated by the Chairman) 
ol the the 


Standard for adoption but he shall not 


Committec proposing 


vote as a member of the Standards 
Committee 
(5) So constituted the Standards 


Committee shall adopt such means 

whether by correspondence, hearings, 
the appointment of a sub-committee 
or by limited distributions of a proposed 
elected 


standard to individual or 


agencies as it deems expedient to 


atisfy itself of the adequacy (in view 


of the purposes cited above) of the 
proposed tandard. If and when 
approved by at least four members of 


shall be 
transmitted, through the Secretary of 
the Institute to the 
with 


the Standards Committee it 


Publications Com 


mittee recommendations for a 


prescribed preliminary distribution as 


a basis for criticism and discussion 


prior to its formal presentation to the 
Institute with a view to adoption. 

(6) The extent of this 
preliminary distribution and the inter- 
val prior to formal presentation to the 
Institute shall the 
Standards Committee after consulta- 


nature and 


be determined by 


tion with the technical committee and 
the Publications Committee. 

that four or more 
members of the Standards Committee 


(7) In the event 


do not approve the proposed standard 
it shall be referred back to the technical 
originating committee with a statement 
of the reason or reasons for rejection, 


(8) A proposed standard may be 


re-submitted to the Standards Com- 
mittee when accompanied by a state- 
ment from the originating committee 


setting forth the the 


reconsideration of the proposed stand- 


procedure in 


ard since first submitted. 
(9) In the event of deadlock or of 
apparent obstruction in 
the Advisory Committee, 


the Standards Committee or the Tech- 


the outlined 
procedure, 


nical Committee originating the pro- 


posed standard under consideration 
may appeal to the Board of Direction. 
(10) When 


presents d to 


a standard is formally 
the Institute the 
approval of four or more members of 


with 


the Standards Committee, it shall be 
the floor of a 
If approved by a majority 
shall be 
submitted, by letter 
ballot of the membership 
and the standard shall become effective 


open for discussion on 
convention 
vote of members present, it 
relerence, to 


Institute 


upon ratification by two thirds of those 
voting \n amendment to a proposed 
the floor of 
sustained only 
when approved by nine tenths of the 


amended 


tandard pre sented on 


the convention shall be 
members 


voting and as so 


shall be submitted to letter ballot as 
provided above 
(11) A standard of the Institute 


which is unrevised for three years shall 


expire automatically unless re-adopted, 
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Who’s Who in This A. C. I. Journal 





Paul Andersen 


is a new member of the American Con- 
crete Institute, contributing to this 
JOURNAL a paper under the title, 
“Rectangular Concrete Sections under 
Torsion.”” He was born in Copenhagen, 
Denmark; was graduated in 1923 from 
the Royal Polytechnic Institute of 
Copenhagen with the degree of Bache- 
lor of Science in Civil Engineering. He 
took postgraduate work at the Uni- 
versity of Illinois and received degrees 
of Master of Science, 1932 and Doctor 
of Philosophy. Prior to that he was 
structural engineer with the American 
Bridge Co. in New York and bridge 
engineer with the Arkansas State High- 
way Commission, Little Rock, Ark. 
Doctor Andersen was an instructor at 
the University of Minnesota 1934-1935 
and is now there as Professor of Struc- 
tural Engineering. From 1935 to 1937 
he was a Designing Engineer with the 
Panama Canal. Doctor Andersen is 
an associate member of the American 
Society of Civil Engineers, a member 
of the Society of American Military 
Engineers, Society for Promotion of 
Engineering Education, American Con- 
crete Institute and Sigma Xi fraternity. 


R. N. Young 


who contributes to this issue the paper 
under the title, “The Autoclave Test 
and Interpretations” has been an In- 
stitute member since 1921. He re- 
ceived his B.S. from Kansas State Col- 
lege in 1914 and did his first work after 
graduation with the Kansas State Ex- 
periment Station as chemical analyst 
working with feeds and _ fer- 
tilizers. In 1915 he was employed with 
the Western States Portland Cement 
Co., Independence, Kans., first in the 
laboratory and later in engineering 


soils, 


work. In 1917 he became Chief 
Chemist at the York, Pa., plant of the 
Sandusky Portland Cement Co., where 
white cement was produced. During 
the war he was detailed to the National 
Bureau of Standards as a 
chemist and was placed in charge of a 
branch cement inspection and testing 
laboratory. In 1919 he had a Fellow- 
ship at the Bureau of Standards for 
investigating the acceleration of the 
hardening of portland par- 
ticularly by means of calcium-oxy- 
chloride. In 1920 Mr. Young joined 
the staff of the Bureau of Standards 
and as Associate Chemical Engineer 
did research work on the properties and 


cement 


cement 


manufacture of magnesium-oyxchlor- 
ide cement, high alumina cement and 
portland cement. In 1924 he entered 
the employ of the Lehigh Portland 
Cement Co. as Assistant Chemical 
Yngineer and was made Chemical En- 
gineer in charge of Process in 1931. 
Aside from his membership in the 
American Concrete Institute he is a 
member of the American Society for 
Testing Materials, American Chemical 
Society, in which he is past-chairman 
of the Lehigh Valley 
recent years he has had an active part 
in the work of the Technical Problems 
Committee of the Portland 
Association. 


Section. In 


Cement 


Yashichi Yoshida 


contributes ‘‘Length Changes of Ce- 
ment Pastes in Relation to Combined 
Water” to this JourNAaL. Dr. Yo- 
shida is Professor of Civil Engineering 
at the Kumamoto Technical College, 
Kumamoto, Japan, where he received 
the degree of Civil Engineer in 1919 
and the degree of Doctor of Engineer- 
ing at the Hyushu Imperial University 


in 1936. He has served as consulting 








rer 
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engineer in the fields of cement manu- 
facture, concrete construction and 
water supply. He is the author of 
numerous Japanese technical papers 
on researches in cement, plain and re- 
inforeed concrete and underground 
hydrology and of textbooks on plain 
and reinforced concrete. The investi- 
gation which was the basis for the 
present A. C. I. paper was conducted 
by Dr. Yoshida as a Research Fellow 
in Civil Engineering at the University 
of California during the period July, 
1935 to December, 1936. After com- 
pleting his work in California Dr. 
Yoshida visited a number of construc- 
tion projects and research laboratories 
in the United States and then continued 
his studies in Europe and Asia. He is 
now in Afghanistan. Upon his return 
to Japan one of his activities will be in 
his association in the design of struc- 
tures for the Olympic games. He is a 
member of the University of California 
Chapter of Sigma Xi. 


R. W. Spencer 


A. C. I. member since 1932, who con- 
tributes ‘‘Measurement of the Moisture 
Content of Concrete,” to this issue is 
resident engineer with the Phoenix 
Engineering Corp. on the Flathead 
hydro-electric development. He was 
graduated from the University of 
Washington in 1922; 1923, inspector 
for the U. 8. Bureau of Reclamation at 
the Black Canyon dam in Idaho; 
1924-29, inspector, plant designer and 
division engineer for the Southern 
California Edison Co. on the Big Creek 
hydro - electric development; 1929, 
assistant hydraulic engineer for the 
State of California on inspection of 
dams; 1929-32, resident engineer for 
the Phoenix Unitily Co. on the Ariel 
hydro-electric development; 1932, en- 
gineer on vibrator tests for Prof. R. E. 
Davis at the University of California; 
1932-34, research engineer and later 
resident engineer for the City of 





“I 


Pasadena on the Morris Dam; 1934-35, 
research engineer on the Metropolitan 
Water District’s cement and concrete 
investigation; 1935-36, assistant en- 
gineer writing specifications for the 
Metropolitan Water District of South- 
ern California. Mr. Spencer is a 
registered civil engineer, State of 
California; an associate member A. 8. 


C. E. 


Wiley and Coulson 


George N. Wiley and D. C. Coulson, 
who contribute “A Simple Test for 
Water Permeability of Concrete’ to 
this JouRNAL, are Engineer and Super- 
intendent respectively of Nebraska 
Cement Co., Superior, Neb. 


Hugh L. Cooper 


Colonel Hugh L. Cooper, member of 
the Institute since 1925 as representa- 
tive of Hugh L. Cooper & Co., Ine., 
New York, died at his home in Stam- 
ford, Conn., June 24. 

Born in Sheldon, Minnesota, April 
28, 1865; after graduation from the 
Rushford, Minn. High School in 1883, 
he went to work as a common laborer 
on bridge construction. His thought 
turned very early to the then embryo 
hydro-electric field. He became chief 
engineer and superintendent of the 
Chicago Bridge & Iron Co. in 1890 
and a year later began giving all his 
attention to hydro-electric develop- 
ment. In the succeeding 45 years 
he designed and largely built works 
totalling more than 2,000,000 h. p. and 
costing more than $200,000,000. 

Colonel Cooper served with the 
American Expeditionary Forces from 
June, 1917 to November, 1918 and was 
Chief Engineer at Bordeaux in a period 
of maximum port construction opera- 
tions. In 1928 he was one of three 
members of the International Tech- 
nical Commission which recommended 
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a second heightening (30 feet) of the 
Assuan dam on the Nile. An achieve- 
ment which brought him into contact 
with Josef Stalin was his work on the 
Dnieprostroy dam in the Ukraine, the 
world’s largest until Boulder dam was 
completed. When the Soviet Com- 
missariat of Heavy Industry accepted 
this dam in August 1932, Hugh Cooper 
was the first foreigner to receive the 
Order of the Red Star, bestowed by 
the Soviet government. The work had 
been begun in 1927 and was completed 
eight months ahead of contract time. 
An earlier work which brought him 
distinction, then the largest power 
plant in the world, was the Keokuk 
dam across the Mississippi River for 
the Mississippi Power Co., at Keokuk, 
Ia. Other great works were his design 
and supervision of the construction of 
Wilson dam at Muscle Shoals, the 
Toronto Power Co.’s plant at Niagara 
Falls, the Pennsylvania Water & Power 
Co. work at Holtwood, Pa. He built 
dams in Africa, South America, Europe, 
Canada and Mexico. May 23 fast 
when he returned home from his 138th 
crossing of the Atlantic he said that in 
the course of his work he had traveled 
2,000,000 miles throughout the world. 
He received a number of honorary de- 
grees—from the University of Mis- 
souri, Parsons College, Iowa, Syracuse 
University, Rensselaer Polytechnic In- 
stitute. He was an Honorary Profes- 
sor of Civil Engineering at the Brazil 
yovernment School of Engineering 
and besides his connection with the 
American Concrete Institute he was a 
member of the American Society of 
Chemical Engineers, American Society 
of Mechanical Engineers, American 
Institute of Mining and Metallurgical 
Engineering, Society of American Mili- 
tary Engineers, American Institute of 
Consulting Engineers, and in England, 
the Institute of Water Engineers, and 
Institute of Civil Engineers. 
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The late Leonard C. Wason 


Following is an except from minutes 
of a meeting of the Board of Direction, 
May 15, 1937 (see also these pages 
May-June 1937): 

“The Board of Direction notes with 
deep regret the death of Leonard Chase 
Wason, second President of the Insti- 
tute, and records its appreciation of 
his devotion to the Institute which he 
served so well. President of the Insti- 
tute in a trying period of its develop- 
ment (1915-16), he gave wisely and 
energetically to its welfare. He was 
always generous in the common cause. 
He gave from his own wide experience 
and, by establishing in 1917 the Leon- 
ard C. Wason medals, which now so 
fittingly commemorate his own service, 
perpetuates his high zeal for progress. 
He is remembered by his Institute 
associates in Board membership as an 
able Director, an uncompromising foe 
of slovenly practice and a most helpful 
friend.” 





34th Annual 


A.G.1, Convention 


Palmer House 
CHICAGO 


Tuesday, 
Wednesday, 
Thursday 


FEBRUARY 22-24 
1938 
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The Honor Roll—headed by Miles N. Clair 
and J. L. Savage 





There is ample time to revise the Honor Roll score before the 
lists close for the current convention year on January 31, 1938— 
but, to October 1, 1937 Miles N. Clair and J. L. Savage have good 
leads. Mr. Clair is credited with proposing 19 new A. C. I. mem- 
bers—J. L. Savage close behind with 15. William M. Kinney is : 
good third with 9. The number of A. C. Il. members who have 
really participated in membership gains is considerable and their 
names and their scores appear below. 


The half points are the natural result of two members sharing 
the honor of introducing new members. Aside from those in the 
list 22 other members have a half point each to their credit. 


Klsewhere in these pages appears a list of 155 new members 
approved in the period May 1 to August 31. 


Miles N. Clair 19 A. J. Boase 


1 > 
aaalira as J. W. Kelly ly 
J. L. Savage : 15 Nathan M. Newmark ho 
Wm. M. Kinney... 9 W.D. M. Allan 
R. F. Blanks 6 D. M. Asarpota 
M. H. Cutler 6 Sanford Benham 
“ : . “ A. 8S. Brock 
J.C. Pearson. . 6 Wm. B. Cheek 
Bailey Tremper 6 Theodore Crane 


D. 8S. Colburn 
Miles K Cooper 
R. E. Davis , 
vA F. K. Deinboll 


C. A. Hughes. 5 


Lewis H. Tuthill 1% . 
A. G. Tainton ! J DiBtasio 
Wm. 8S. Thomson 1 J. P. Dwyer 
Chas. FE. Wuerpel j Fritz Emperger 
R. B. Young 1  —— 
4 \ ‘erguson 

, : P. J. Freeman. . 
R. W. Crum 3)4 Bengt Friberg 
Morgan B. Klock 3 Lion Gardiner 
r C. Knight 3 Herbert J. Gilkey 
i A Lupine 3 Russell Greenman 
F. E. Richart 3 K. Hajnal-Konji 
M. M. Upson 3 Walter N. Handy 
KE. N. Vidal 3 Winslow H. Herschel 


Chas. 8. Whitney 3 8. C. Hollister 

H. Walter Hughes 
Loren W. Hunt 
Wm. J. Krefeld 

G. EF. Large 

R. F. Leftwich.... 
Karl W. Lemcke 
A. E. Lindau...... 
F. R. MeMillan.. 
M. W. Meyer 
Samuel B. Morris 
A. W. Munsell 

J. H. Murdough 
Wm. B. Nowlin 
Charles R. Parks 
Dean Peabody, Jr 
H. G. Protze, Jr. 
© H Scholer 


Roy W. Carlson 
J. H. Chubb 

B. Moreell 

H. C. Shields 

L. E. Andrews 

R. L. Bertin 

I. K. Borchard 
Herbert Coffman 
G. Kk. Davis 

H. F. Gonnerman 
Fr. P. Kneeshaw 
Herbert J. Knopel 
C. C. McNamara 
R. W. Spencer 
John C. Sprague 
T. E. Stanton 
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G. P. Singh 

A. P. Smyth 

W. T. Steilberg 
A. W. Stephens 
as) aa 
E. Viens....... 
Walter C. Voss 
Chas. R. Waters. . 
Benjamin Wilk 
Clement T. Wiskocil 
F. C. Wood ; 
R. R. Zipprodt 


Twenty-two members have 44 member each 
to their credit. 





New Members 





One hundred fifty-five applicants for 
A. C. I. membership in May, June, 
July and August 1937 have been ap- 
proved by the Board of Direction as 
follows (names in capitals are contrib- 
uting members): 


Amirian, Thomas T., 31 Grove St., 
Boston, Mass. 

American Concrete & Steel Pipe Co., 
P. O. Box 1428, Arcade Sta., Los 
Angeles, Calif. (H. H. Jenkins, 
= 

Askren, David W., 212 W. Auburne 
Ave., Bellefontaine, Ohio. 

Atwell Foundation Corp., George J., 
45 Rockefeller Plaza, New York, N. 
Y. (George G. Blackmore) 


Baker, Hugh J., 602 W. McCarty St., 
Indianapolis, Ind. 

Baker, W. W., Fort Sumner, New 
Mexico. 

Bashore, H. W., 406 E. 11th St., Cas- 
per, Wyo. 

Beer, Robert G., 99 Livingston St., 
Brooklyn, N. Y. 

Besser Manufacturing Co., Alpena, 
Mich. (J. H. Besser, Pres.) 

Bigelow, Prof. W. W., Beloit College, 
Beloit, Wisc. 

Blake, Arnold C., 30 North St., Saco, 
Maine. 

Blumenschein, E. W., 531 Welch Ave., 
Ames, Ia. 
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Boden, O. G., Antioch, Calif. 

Bratt, Albert V., Mass. Dept. of 
Public Works, 100 Nashua St., 
Boston, Mass. 

Brookman, Roger §8., 138 Roosevelt 
Road, Rochester, N. Y. 

Brown, Maurice F., 44 School St., 
Boston, Mass. 

Brown, Ralph Charles, Box 1474, 
Wilson Dam, Ala. 

Browne, P. H., 1127 Garden St 
Bellingham, Wash. 

Buck, Henry Wolcott, 650 Main St., 
Hartford, Conn. 

Bunger, Howard P., U. 8S. Bureau of 
Reclamation, Denver, Colo. 


Cable, E. C., 50 Highfield Road, 
Toronto, Canada 

Cebu Portland Cement Co., Cor. 
Azearraga & Evangelista Sts., Man- 
ila, Philippine Islands (Gregorio 
Anonas) 

Cheever, Walter G., 79 Cambridge 
St., Boston, Mass. (Blakeslee Rol- 
lins Corp.) 

Chicago, University of, 960 E. 58th St., 
Chicago, Ill. (L. R. Flook, Supt. 
Bldgs. & Grounds) 

Clapperton, John A., 7400 Querbes, 
Apt. 2, Montreal, Que., Canada. 

Cleary, James M., c/o Roche, Williams 
& Cunnyngham, Inc., 310 So. Michi- 
gan Ave., Chicago, III. 

Cleary, John B., 1411 So. Franklin St., 
Denver, Colo. 

Clemmer, H. F., District Bldg., Wash- 
ington, D. C. 

Cleveland, Austin K., U. S. Engineer 
Office, Rollstone St., Fitchburg, 
Mass. 

Corson, R. C., 184 High St., Boston, 
Mass. 

Cowan, Benjamin M., 49 Federal St., 
Boston, Mass. 

Cowell Portland Cement Co., Cowell, 
Contra. Costa County, California 
(W. H. George) 

Crecelius, 8. F., Caballo, New Mexico. 
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Crocker, C. N., Bridge Engineer, 
State Highway Board of Georgia, 
Two Capitol Square, Atlanta, Ga. 

Crysler, R. A., Canada Cement Co., 
Ltd., 803 Northern Ontario Bldg., 
Toronto, Ont., Canada. 


Diaz, Miguel Antonio, Carrera 3a. 
No. 15-24, Bogota, Columbia, S. A. 


Dierking, R. F., 408 Hubbel Bldg., 
Des Moines, Ia. 
Dunham, Clarence W., 23 Prospect 


Terrace, East Orange, N. J. 

Eberhart, H. D., Engineering Mater- 
ials Laboratory, University of Cali- 
fornia, Berkeley, Calif. 

Elliott, C. B., 1116 No. Ist St., Mont- 
rose, Colo. 

Erickson, Roy J. A., 2307 Kenilworth 
Road, Ardmore, Pa. 


Fertig, Jerome H., U. S. Bureau of 
Reclamation, Calexico, Calif. 

Forbrich, Louis R., 519 Beacon St., 
Boston, Mass. 

Foster, L. J., Bureau of Reclamation, 
Yuma, Ariz. 

Foundation Co., The, 120 Liberty St., 
New York, N. Y. (Ralph H. 
Chambers) 

Fuller, W. J., 623 West State St., Mil- 
waukee, Wis. 


Genger, Harold W., Fairfield, Mont. 

Glynn, F. S., Jr., 104 Grant 
Medford, Mass. 

Gorham, Fred A., 2322 Coma Ave., W. 
St. Paul, Minn. 

Grove, William G., 409 Harrison Ave., 
Westfield, N. J. 


Ave., 


’ 


Hales, Charles S., Boca, Calif. 

Hall, Russell A., 
Schenectady, N. Y. 

Hallenbeck, Geo. S., 58-60 Pearl St. 
Buffalo, N. Y. 

Hance, Tolliff R., U. S. Bureau of 
Reclamation No. 6, Riverton, Wyo. 

Hart, O. C., Monolith Portland Cement 
Co., Monolith, Calif. 


Union College, 


’ 


Hartman, Jr., W. T., Box 199, Blacks- 
burg, Va. 

Heckel, E. J., c/o Clearing Industrial 
District Inc., 6455 South Central 
Ave., Chicago, Ill. 

Heitman, Richard, Materials Testing 
Laboratory, 
Urbana, Il. 

Helfer, J. J., 2150 Pennsylvania Ave., 
Washington, D. C. 

Heyser, Alton 8., 15 
Madison, N. J. 

Hiller, Robert J., 833 E. Gage Ave. 
Los Angeles, Calif. 

Hodge, W. J., Works Manager, South- 
ern Portland Cement Ltd., Berrima, 
N.S. W., Australia. 

Hollister, Leonard C., 326 Santa Ynez 
Way, Sacramento, Calif. 

Hunter, Robert C., 5340 Hyde Park 
Blvd., Chicago, Il. 


University of Illinois, 


Alexander Ave., 


International Salt Co. 


N. Y. (C. D. Looker) 


Inc., Ithaca, 


Jameyson, Bruce, 217 Engineering 


Bldg., University of California, 
Berkeley, Calif. 

Johannesson, Sigvald, State House 
Annex, Trenton, N. J. 

Johnson, Cole E., 91 Mercer Ave., 


Coldwater, N. Y. 


Johnston, Bruce, 421 Engineering 
Bldg., Columbia University, New 
York, N. Y. 

Josephs, Arthur C., Hotel Shelton, 
49th and Lexington, New York, 
N. Y. 

Jumper, Harry D., 2730 S. Alameda 
St., Box 150 Arcade Sta., Los 
Angeles, Calif. 

Kameda, Sunao, Tokyo Municipal 


Office, Tokyo, Japan 

Kaufman, R. R., 13915 Tyler Ave., 
Cleveland, Ohio 

Karrer, Wilfred L., Box 767, 
Idaho. 

Kemp, W. F., 1438 Beck Ave., Cody, 
Wyo. 


Boise, 
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Koppen, E. C., Bureau of Reclamation, 
Phoenix, Ariz. 

Knight, J. A., 460 St. Clemto Ave., 
Toronto, Ont., Canada. 


La Compania Cubana de Cemento 
Portland, Manzana de Gomez 334, 
Havana, Cuba 

LaForge, G. 8., Lehigh Portland Ce- 
ment Co., Union Bridge, Md. 

Langevard, E. V., Queensland Cement 
& Lime Co. Ltd., 100 Creek St., 
Brisbane, Queensland, Australia. 

Latham, Charles H., The Lynn Sand & 
Stone Co., Danvers St., Swampscott, 
Mass. 

Lind, Russell E., 
Bellingham, Wash. 

Little, Charles R , 3660 Saybrook Ave., 
Cincinnati, Ohio 

Longview Concrete Pipe Co., Box 628, 
Longview, Wash. (Geo. F. Ruth, 
Mgr.) 

Lucas, Glenn T., 902 Victoria Ave., 
Corona, Calif. 


1530 State St., 


Marvik Corporation, Grant Bldg., 
Pittsburgh, Pa. (E. J. Ladley, 
Pres.) 

McBurney, John W., c/o National 


Bureau of Standards, Washington, 
D. C. 

McCarthy, Robert E., 13 Theurer Pk., 
Watertown, Mass. 

McCaulley, George, Dept. of Archi- 
tecture, Kansas State College, Man- 
hattan, Kansas. 

McCown, B. E., c/o U. S. Bureau of 
Reclamation, Denver, Colo. 


McLaughlin, William W., Michigan 
State Highway Dept., Lansing, 
Mich. 


McLoughlin, P. E., Premier Portland 
Cement Co. Ltd., P. O. Box 699, 
Bulawayo, S. Rhodesia, So. Africa, 

McRae, J. P., 11 King St., Toronto 2, 
Ont., Canada 

Mabie, Jr., Harry W., Immel-Mabee 
Company, 104 8. Main St., Fond du 
Lac, Wis. 
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Maguire, Walter J., 224 Rankin Ave., 
Providence, R. I. 

Marden, E. R., 1212 Field Bldg., 135 
So LaSalle St., Chicago, Ill. 

Marshall, Hubert M. 54 Plainfield St., 
Springfield, Mass. 

Martin, J. L., Philadelphia Rapid 
Transit Co., 2251 North 9th St., 
Philadelphia, Pa. 

Mercer, L. Boyd, Secy., Australian 
Concrete Institute, Saxon House, 
450 Little Collins St., Melbourne Cl, 
Australia. 

Merrill, Davis H., 580 I. W. Hellman 
Bldg., Los Angeles, Calif. 

Mills, T. S., Chief Engineer, Engineer 
ing and Construction Service, Dept. 
of Mines and Resources, Ottawa, 
Canada 

Monolith Portland Cement Co., 
West 7th St., Los Angeles, 
(R. B. Soldini, Sales Mgr.) 

Moorman, Robert B. B., Mechanic 
Arts Bldg., University of Missouri, 
Columbia, Mo. 

Morgan, Donald, Bureau of Reclama- 
tion, Duchesne, Utah 

Moritz, E. A., Parker Dam, Calif. 

Mumm, Hans, Jr., 2941 Chestnut St., 
Everett, Wash. 


215 


Calif. 


NATIONAL SAND AND GRAVEL 
ASSN., 951 Munsey Bldg., Washing- 
ton, D.C. (Stanton Walker) 

Nardiello, M. V., 1912 Linwood Ave., 
Toledo, Ohio. 

Newell, Robert 
Boise, Idaho. 

Niagara Falls Power Co., 300 Electric 
Bldg., Buffalo, N. Y. (Louis 8. 
Bernstein) 

North American Cement Corp., Secur- 
ity, Md. (E. 8. Guth) 

Northwestern Portland Cement Co., 
Northern Life Tower, Seattle, Wash. 
(C. T. W. Hollister, Secy.) 


J., P. O. Box 1866, 


Olsen, Emery, 807 West Nevada St., 
Urbana, IIl. 
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Pacanins, Dr. Tomas, Minister of Pub- 
lic Works, Caracas, Venezuela. 

Parker, H. A., c/o Bureau of Reclama- 
tion, Ashton, Idaho. 

Parcel, John I., 1848 Railway Ex- 
change, St. Louis, Mo. 

Paul, D. J., c/o U. S. Bureau of Recla- 
mation, Montrose, Colo. 

PEERLESS CEMENT CORP. 
Free Press Bldg., Detroit, 
(H. L. Henson) 

Peterson, F. G. Eric, 400 20th Ave., 
South, Minneapolis, Minn. 
Phillips, Silas B., 72 Oxford 

Newton Center, Mass. 
Pierce, A. F., 605 No. Tyler, 
Topeka, Kansas. 


1144 
Mich. 


Road, 


No. 


Randall, John A., Phoenix Engineering 
Corp., Polson, Mont. 

Rappoli, Edmund J., 515 Massachu- 
setts Ave., Cambridge, Mass. 

Renz, Carl F., 217 South 6th St., Al- 
hambra, Calif. 

Robinson, D. O., c/o Canada Cement 
Co. Ltd., 803 Northern Ontario 
Bldg., Toronto, Ont., Canada. 

Rohrer, John K., Bin 151, Yuma, Ariz. 


Schoell, William D., 1016 Reaney St., 
St. Paul, Minn. 

Schad, James A., 4200 Hampton Ave., 
Western Springs, IIl. 

Shea, John M., 1050 Elbert St., Oak- 
land, Calif. 

Seltzer, Jr., C. A., Master Builders 
Co., 7016 Euclid Ave., Cleveland, 
Ohio. 

Sherman, John R., Yakima Cement 
Products Co., Yakima, Wash. 

Shreve, R. H., 11 East 44th St., New 
York, N. Y. 

Singleton, C. Clayton, 1516 Hillsdale 
Ave., Dormant, Pittsburgh, Pa. 

Sinnickson, William B., 999 Westside 
Ave., Jersey City, N. J. 

Southern Pacific Company, 65 Market 
St., Rm. 1049, San Francisco, Calif. 
(W. H. Kirkbride) 

Spencer, Samuel A., Box 2016, Syden- 
ham, Port Elizabeth, So. Africa 


Spencer, William H., 231 Brooks Ave., 
Rochester, N. Y. 


Staley, Howard R., Room 1-033 
M. I. T., Cambridge, Mass. 
STANDARD PORTLAND CE- 


MENT CO., P. O. Box 110, Paines- 
ville, Ohio (A. H. Ingley) 

Stelwagon Manufacturing Co., 1900 
Washington Ave., Philadelphia, Pa. 
(C. R. Lyons, Technical Division), 


Tillman, Dr Rudolf, Kandlgasse 23, 
Vienna (Wien) VII, Austria. 

Thompson, L. E., Seminoe Dam, Wyo. 

Thornton, William C., R-3, Main St., 
Bridgeport, Conn. 


Ultimite Paving Block Corp. of Amer- 
ica, 1179 Washington St., Glouces- 
ter, Mass. (Louis F. Hewett) 

United Carbon Co., Inc., Charleston, 
W.Va. (G. L. Roberts) 


Van Horn, Emery L., 10 Randall St., 
Waterbury, Vt. 


Wagner, Leonard A., 1736G St., N. W., 
Washington, D. C. 

Walker, C. G., 33 West Grand Ave., 
Chicago, Ill. 

Walker, O. R., 300-1 Palace Theatre 
Bldg., Lubbock, Texas. 

Williams, Harry A., Dept. of Civil 
Engineering, Stanford University, 
Calif. 

Williams, Joseph W., 983 Mills Bldg., 
San Francisco, Calif. 

Wilson, Munsey, P.O. Box 316, Austin 
Texas. 

Windsor, W. T., c/o Pretoria Portland 
Cement Co. Ltd., P. O. Slurry, 
Transvaal, So. Africa 

Worsdale, John E., The Pretoria Port- 
land Cement Co. Ltd., (Private 
Bag) P. O. Cleveland, Transvaal, 
So. Africa 


Young, Walker R., c/o U. 8. Bureau 
of Reclamation, Old Port Office 
Bldg., Sacramento, Calif. 
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Architectural concrete of the 
exposed aggregate type 


The Board of Direction has author- 
ized the organization of Committee 412 
—Specifications and Recommended 
Practice for Architectural Concrete of 
the Exposed Aggregate Type. A. E. 
Lindau has been named for and has 
accepted the chairmanship. The work 
proposed is an outgrowth of the address 
by R. H. Shreve, New York architect 
of the firm of Shreve, Lamb and Har- 
mon, at the Institute’s 33rd Annual 
Dinner in New York last February (see 
News Letter page 8, March-April, 1937), 
in which he said in part: 

“IT have followed with 
efforts to interesting 
textures through surface treatment, or 
more colorful masses by new combina- 
tions of materials or by exposure of the 
aggregate. In certain work we have 
studied I have been especially inter- 
ested in the great advances made by 
Mr. Earley and have visited him at 
his studio to learn more of his fine 
results which are far ahead of anything 
previously developed. * * * As a 
Director of the American Institute of 
Architects I am authorized 
President to bring to you, the American 
Concrete Institute, the greetings of the 
Architects and to extend to you assur- 
ance of the wish of our profession to 
work with you for the reailization of 
the great possibilities of your materials 
and methods of construction. As 
architects we should work with you 
much more than we do.” 


interest 


produce more 


by its 


Members still write us 
occasionally about not 
Setting their July-Aug. 
JOURNAL — good reason; 
there isn’t any. See the 
‘‘Mast-head’’ page — first 
white page inside the 
front cover. 
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Puzzle-anas 


Under this heading will appear from 
time to time one or more selected prob- 
lems submitted by readers of the 
JourNAL. The Editor would welcome 
a definite expression of interest in the 
column, pro or con. If problems give 
rise to a considerable number of in- 
quiries, solutions will be published, 
otherwise answers will be mailed indi- 
vidually only to those who request 
them 


This problem in long division pub- 
lished in the May-June 
follows: 


issue Was as 


HOT) TDIINR(DRYN 
AAO 


INI 


IRR 


ADN 
DIY 

HT IR 
HT IR 


The nine digits arranged in order 


from 1 marked 


significance in relation to cement and 


to 9 form a word of 
concrete. 

The digits can be determined sys- 
without the aid of the 
hidden word, but the latter helps con- 
siderably. It is evident from the mul- 
tiplication of the division by N that H 
is probably 1. 


tematically 


It is also evident from 
the first subtraction that T A+1, 
and from the third subtraction that A 
is a little greater than D.’ Further- 
more N is probably a high number, 
certainly greater than D, R or Y, and 
we may tentatively arrange some of the 
letters in the following order: 
H D AT N 

The immediate inference is that the 
word is “hydration” which is seen to 
give the correct values of the 9 digits. 
Five Squares in one. 


” 


A student of geometry was handed 
5 squares of cardboard, each 2 inches 
on edge, and told that if the 
squares were each divided into a tri- 


was 
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angle and a trapezoid by a cut along 
a line AP (see sketch) 


pP 





2 ir. 











A 


the ten pieces as formed could be 
fitted together to make a single square, 
provided the cut AP were made in the 
right place. Where did he locate the 
point A? 


A Problem in Subtraction 


ABC 
CBA 


ee 
In the foregoing example A, B and C 
are digits, and are the same as X, Y and 


Z, but not respectively. What are the 
numbers? 


A Notable Year 


One of the multi-centennial anniver- 
saries of a great event in American 
history occurred in a certain year, the 
number of which was divisible by 11. 
The number of the year two years 
prior to this was divisible by all the 
odd numbers up to but not including 
11. What was the anniversary year? 


Ben Moreell 


Ben Moreell, Commander Civil 
Engineer Corps, U. 8. Navy, A. C. I. 
member since 1930 and for two years 
ended last February, a member of the 
Board of Direction as Director for the 
Fourth District has left Washington 
for Hawaii. He was ordered detached 
from the Bureau of Yards and Docks 
Sept. 1 and to duty as Public Works 
officer of the Fourteenth Naval Dis- 
trict and of the Navy Yard, Pearl 


Harbor, T. H. Commander Moreell 
was an active A. C. I. worker; served 
as chairman of the Program Committee 
for the 1937 convention, as a member of 
the Publications and Advisory Com- 
mittees and contributed several papers. 


Fred L. Plummer 


A. C. Il. member since 1936 has just 
been elected President of the Cleveland 
Engineering Society. Mr. Plummer is a 
consulting engineer and associate Pro- 
fessor of Structural Engineering at the 
Case School of Applied Science. 


Frank T. Sheets 


Frank T. Sheets became president 
of the Portlnad Cement Association, 
September 1, succeeding Edward J. 
Mehren, who resigned in August to 
take care of his personal interests. 
Announcement was made by Charles 
L. Hogan, New York, chairman of the 
Board. 

Mr. Sheets has been consulting 
engineer and director of development 
of the Association for the last four 
years. Before that he had been associ- 
ated with the Ilinois Highway Depart- 
ment for 23 years and for 12 years as 
superintendent of highways and chief 
engineer. The announcement recalls 
that, coming out of high school, Mr. 
Sheets started to work in the Depart- 
ment of Highways as blueprint boy 
and file clerk. He then took time off 
to go to college, working his way 
through, being employed by the State 
Highway Department during the sum- 
mer in order to get additional revenue 
for his education. At the completion of 
his college course he entered the High- 
way Department and in successive civil 
service examinations became assistant 
engineer, assistant bridge engineer, 
assistant maintenance engineer, bridge 
engineer, engineer of design and finally 
the top position of superintendent of 
highways and chief engineer. His 
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selection for this position was based 
solely on his outstanding ability and 
the success with which he handled his 
successive jobs. 


Mr. Sheets has served as president 
of the American Association of State 
Highway Officials, of the Mississippi 
Valley Highway Conference, of the 
Central Illinois section of the American 
Society of Civil Engineers. He was an 
official delegate from the United States 
government to the Pan-American High- 
way Congress at Rio de Janiero in 1929. 


His experience in the highway field 
covers practically all phases of highway 
financing, design, construction, main- 
tenance and administration. During 
the twelve years ending January 1, 
1933, he directed expenditure of over 
$450,000,000 for highway and bridge 
construction and maintenance and 
supervised construction of approxi- 
mately 11,600 miles of highways in the 
state of Illinois of which 8,356 miles 
were high type primary roads. 


He is the author of ‘“‘Concrete Road 
Design, Simplified and Correlated with 
Traffic” presenting sound and simpli- 
fied methods of designing pavements to 
meet traffic expectancy. He _ has, 
during the past few years directed the 
2dministrative and technical policies 
of the Highways Bureau of the Associ- 
ation, and has directed industrial 
research to develop new and improved 
uses of portland cement and concrete, 
in addition to performing his duties as 
consulting engineer. 


Inge Lyse 


Research Professor of Engineering 
Materials, Lehigh University, Bethle- 
hem, Pa., member of the Institute since 
1926 and since last February of the 
Board of Direction as Director from 
the Third District and of recent years 
very active in Institute affairs (see 
these pages Jan.-Feb., 1935 and Sept.- 
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Oct. 1936) returned early in October 
from several months stay at his old 
home in Norway. He brought back 


with him the degree of Doctor of 
Technology from his alma _ mater, 
Norway’s Institute of Technology, 


from which he was graduated in 1923. 
The doctorate thesis was ‘‘A Study of 
the Quality, The Design and the Econ- 
omy of Concrete.” The titles of his 
qualification lectures were: ‘Plastic 
Flow of Concrete’ for the chosen sub- 
ject, and “Shearing Strength of Con- 
crete” for the given subject. 


In Norway as elsewhere on the conti- 
nent, the author of a doctorate thesis 
must defend his views before able oppo- 
nents. The committee in charge con- 
sisted of Mr. Groner, Consulting En- 
gineer, Oslo; Professor Suenson, Den- 
mark Institute of Technology, and 
Professor Forssell, Sweden Institute of 


Technology. Professor Suenson and 
Mr. Groner were the public oppo- 
nents, and Professor Vogt presided 


over the public disputes as rector of 
Norway’s Institute of 
At the conclusion of the contest, on 
recommendation of the committee, 
the faculty of the Institute of Tech 
nology awarded the degree. 


Technology. 


Harold E. Wessman 


A. C. I. member for the last year, who 
formerly taught structural engineering 
at the University of Illinois and the 
University of Iowa and associated for 
a number of years with Waddell and 
Hardesty, consulting engineers, New 
York, is now in charge of the work in 
Structural Engineering at New York 
University. He is offering a new 
course in the graduate division. Doctor 
Wessman played an important part in 
the design of the Chicago Park Com- 
mission lakefront bridges, continuous 
bridges which were early outstanding 
examples in the present era of rigid- 
frame structures. 
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Swiss Specifications for 
Reinforced Concrete 


A letter from Water DarRDEL 
Member A. C. I., Aarberg, 
Switzerland 

It may be of interest to the members 
of the A. C. I. to have comparison 
with its own tentative Building Regu- 
lations some reference to the new 
Swiss for Reinforced 
Concrete, as adopted by the Swiss 
Federal Government in 1934 and by 
the Swiss Eng. and Arch. Society in 


Specifications 


1935. I give only those parts which 
differ most from A. C. I. regulations. 

Of special interest is the provision 
for three grades of concrete, an “ordi- 
nary grade’”’ (normal concrete), a 
“high grade,” and a “special high 
grade” (special concrete of high qual- 
ity). The following average 28-day 
compressive strength (cube tests) are 
prescribed: 

For ordinary grade concrete: f,' 
3150 p.s.i. 
allowed to vary up to 25 per cent from 
the mean values. 


Single test values are 


For high grade concrete: f = 4260 
p.s.i. Single test values are allowed 
to vary up to 20 per cent from the 
mean values. 

For special high grade concrete: 
f.' = 5700 p.s.i. Tests for this type of 
concrete shall be made in advance of 
the beginning of operations and dur- 
ing the construction period. 

For normal and high grade concrete, 
the following table is given: 


Mean 28-day Compressive 
Strength fc 


Total Cement to 


Produce 1 cu. m Normal High Grade 

Finished Beton Concrete Concrete 
kg kg /em? kg/cm 
250 160 220 
300 220 300 
350 280 380 


To calculate approx. in kg./em? the 
modulus of elasticity of the concrete 
from the prismatic compression Bz, 
(if the concrete in the structure is not 
stressed more than 0,3 ,8.) the follow- 
ing formula is given: 


Every square inch of rail steel 
reinforcement provides not less 
than 50,000 pounds of useful 
elastic strength which may be 
applied to design economy or 
safety or both. In the trend 
to high-elastic-limit materials 
this basic property of rail steel 
cannot be overlooked. Rail 
steel is specified by referring to 
A.S.T. M. Specification A 16-35 
or to Federal Specification OQ- 
B-71. Detailed information 
may be obtained by writing the 


Rail Steel Bar Association 
Builders Building, Chicago 


aie 


RAIL STEEL 


for concrete 
reinforcing 


50,000 


Pounds per square inch 
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2 550.00 pBa - 
150 + »Ba 


4b 


Allowable unit stresses: 
(a) Allowable unit stresses in reinforcing 
steel: 


Normal High Grade 
Steel Steel 
p.s.i. p.s.i. 
T-Beams, ribbed floor 
constr.: 
Slabs, up to 4.5 in. ¢, 
and b < 3t 17100 22800 
Slabs over 4.5 in. 4, 
and width b > 3t 20000 24200 


These stresses may be increased: 
2140 p.s.i. if temp. stresses are included 


4290 p.s.i. if temp shrinkage and other 
stresses are included. 
Maximum tensile stresses are not 


allowed to be more than 21400 p.s.i. 
for normal steel, or 27100 p.s.i. for 
high grade steel. 

(b) Allowable unit stresses in concrete: 
High Grade 


Concrete 
p.s.l 


Normal 
Concrete 
p.s.i. 


Extreme fiber stress in 
axial compression 
For slabs under 4.5 in 
t, ribbed floor con- 
str. and T-beams 
Rectnglr. beams and 
slabs: 
from 4.5 in.-8 in. ¢, 
over 8 in. 
Extreme fiber stress adja- 

cent to supports: 

Slabs under 4.5 in. ¢, 
ribbed floor constr 
and T-beams with 
compr. slabs under 
4.5 in. 

Rectangular slabs and 
beams from 4.5 in.- 
8 in. ¢t, T-beams 
with compr. slabs 
over 4.5 in. 850 

Rectnglr. beams and 
slabs of more than 
8 in... 


570 780 


640 
710 


925 
995 


710 995 


1210 


995 1420 


If temperature and shrinkage stresses 
are included, the above stresses can be 
increased by maximum of 30 per cent. 

The allowable extreme fiber stress 
for high grade special concrete has to 
be calculated from the following for- 
mula: 


/ 


6’, = 0,16, 0,50 


B 
\ 2 
in which 8 is the mean 28-day com- 
pressive strength (tests made in ad- 
vance of the beginning of operations) 


and 6, the allowable extreme fiber 
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stress for high grade concrete. (See 
under (b) above.) Itisseen, that for a 
rectangular section of more than 8 in. 
depth and with g = 
get direct 
compression of 1423 p.s.i. and a per- 


500 kg/cm?, we 
an extreme fiber stress in 


missible stress adjacent to supports of 
1990 p.s.i. Only a very careful design 
and field control will justify such high 
stresses. 

Modular Ratio ‘“‘n’”’ 

The modular ratio n shall be n = 10 
As tests show, n varies very much with 
the quality of concrete and area of re- 
inforcing. 
the 
cumbersome for the practical designer. 
The codes of 1909 and 1915 prescribed 
= 20 and 
The 


10 in the present code seems 


But in using a variable n, 


design calculations become too 


for steel on the tension side n 
on the compression side n = 10. 
value n = 
more justifiable, as this is a good mean 
value for high grade concrete. For 
normal and “bad” concrete, n is con- 
siderably higher. The concrete stresses 
for n = 10 are between 20 and 30 per 
cent higher as for n = 20. Steel 
stresses vary but slightly. 

Columns: 

The column formulas of 
Rankine and Ritter have given place 
to the following empirical ones: 
Normal concrete: 


classical 


6% = 6, +" 7 0,2 kg. em* 


High grade concrete: 
6, = 6,+ 10 0,3 1/r 


These formulas are for tied columns, 
when 1/r > 35 and based on the ideal 


cross section 


F, = Fy + 10 F, 


6, is the fiber 
stress, Ff, the concrete area and F, the 
longitudinal steel area. 


permissible extreme 


The maximum permissible axial load 
P, on columns with 
spirals enclosing a circular concrete 


closely spaced 
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‘PUBLIC- BE- PLEASED 


"THE better the service, the more we take it for granted. 





You press the electric button—never a question will it 
work. Same way with the morning’s milk—it’s there when 
you look for it—on time, 99-44/100°% sure, to paraphrase the 
soap slogan. Yet, these taken-for-granted services don’t just 
happen—they mean ceaseless planning, with one object always 


in mind—‘‘the public be pleased.”” Example: 


When Chapman Dairy Company, subsidiary of National 
Dairy Products Corporation, recently remodeled its Kansas 
City plant, service could easily have been tied up in a knot. 
But the job was completed without interruption to smooth- 
running service—by good planning plus the use of ‘Incor’ 


24-Hour Cement for trucking-dock and new floor systems. 


Sectional floor construction permitted continuous use of 
plant. New concrete was in use 24 hours after surface finish- 
ing. ‘Incor’ saved three months—three weeks on each floor. 
Better concrete, too—because ‘Incor’* cures thoroughly in 
the short time concrete can be kept wet under job conditions. 
Write for copy of illustrated book entitled “Heavy Duty 
Concrete.””’ Lone Star Cement Corporation, Room 2226 


miei Fy 


342 Madison Avenue, New York. *Reg. U.S. Pat. Off. 


LONE STAR CEMENT CORPORATION 


MAKERS OF LONE STAR CEMENT - - - ‘INCOR’ 24-HOUR CEMENT 
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4 =€,4+G+2% 


Fia. 


core reinforced with longitudinal bars, 
shall be that given by Formula: 


6 6 
P = 6, (Fit Fa +2—-F,«) 
pPa pPa 
wherein: 
6, = allowable extreme fiber stress. 


area of concrete core within 
circumference of spiral 


F, = 


F, = area of longitudinal steel 


F, = x Df/s, where: D = Diam. of 
conc. core, f = area of spiral 
bar, s = vertical distance 
c.-c. spirals. 

6, = yield limit of steel (longitud- 


inal bars). 
6, = tensil stress limit of spiral re- 
inforcement. 
= prism. compr. strength of con- 
crete. (4/5 of mean 28-day 
compressive strength.) 


«x = reduced value of influence of 
spirals. This value is for 
1/r = 35....1 and for 1/r 
= 35 — 70.... 70—1/r 
35 


If 1/r > 70, spiral reinforeed members 
are to be calculated like tied columns. 

In reinforced concrete columns sub- 
jected to bending moments, the max. 
extreme fiber stress is to be calculated 
only for axial load. The permissible 
bending stress 6, for axial compression 
shall be multiplied with a reduction 
factor, c, which is subject to the eccen- 
tricity f. This value c can be calcu- 
lated from the formula: 

1 


Ors 4 £0 


‘ 
ere et) 


42=€2+Q+2q> 





where: f is the eccentricity and k the 
radius of the kern of the section. 
These formulas have been developed 
at the Swiss Federal Institute for Test- 
ing Materials at Zurich. They corre- 
spond to testing results at the Insti- 
tute, but are not to be taken as final. 


Tests on different “restraints” have 
not been made. 
Calculation of slabs under a given 


load concentration (see Fig. 1): 

If main reinforcing is in one direc- 
tion only, then the single concentrated 
load can be distributed as follows: 


So 


bs = bh + 1-— 
Ji 


where: | = span, fo = area of distribut- 


ing steel, f; area of main reinforcing 
For f2/fi a max. value of 0,65 is 
allowed 

Rectangular slabs can be calculated 
by the panel strip method. 
quirement: 


steel. 


Main re- 
restraint on all 
Then, for uniform load: 


Equal 
sides. 


Pa = Pp 


, » Po , ; 
at + 6! at + bi 


for concentrated load P: 


b a 
- P, a a 


= 
b a+b 


P, = P— 


a- 


As width of distribution for concen- 
trated load use: 
for the short direction ‘‘a”’ 
b =b +0,4a 


for the long direction ‘‘b”’: 


bp = by + 0,4.a(2- ) 
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BLAC-KING 


| 
REG. U. S. PAT. OFF, 


COLLOIDAL 
CARBON BLACK 


For coloring concrete 
cement or mortar 





| 

| Meets all specifications for 
| “EMULSIFIED CARBON BLACK’ 
| 











Blac-King is extremely strong in toning value, is 
permanent and is the most economical material for 


making gray or black cement, concrete or mortar. 





|| COLLOIDAL PIGMENT CO., Inc. 


2612 Empire State Building, New York City 
Factory: Clinton, N. J. 
Subsidiary of United Carbon Company, Inc. 
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Recent A. C. I. Publications 
in Separate Prints 


(25 cents each except as indicated) 


Recommendations for Placing Concrete by Vibration 


Report of Committee 609, Vibration of Concrete 
A. E. Linpav, Chairman, H. L. Fiop1n, Secretary 


Analysis of Multiple Span Rigid Frame Bridges by the Slope Deflection 
Method—(50 cents) 


By Georce E. Manry 


A Study of Reinforcement in Concrete Slabs 
By Ineg Lyse and Georce R. Werniscu 


Metallic Aggregate in Concrete Floors 


By Epwarp W. Scriprure 


Evaluating Fines in Concrete on a Bleeding Test Basis 
By J. C. Spracue 


Properties of Job-Cured Concrete at Early Ages 


Report of Committee 107, Hantan H. Epwarps, Author-Chairman 


The Institute Carries On 
By F. R. McM1tian 


Concrete: Its Maintenance and Repair 
By R. B. Youne 


Some Comparisons of European and American Concrete Practice 
By F. R. McMiI.Lian 


The Effect of Vibration on the Strength and Uniformity of Pavement 
Concrete 


By F, H. Jackson and W. F. KeLtermMann 


The New Federal Specifications for Portland Cements 
By Ben MorEELL 


Rapid and Long-Time Tests on Reinforced Concrete Knee Frames 
By F. E. Ricnanrt and T. A. OLson 


Design of Reinforced Concrete Members Under Flexure or Combined 
Flexure and Direct Compression 
By Caaruzs 8. WuITNEY 


High Early Strength Cement in Concrete Masonry Manufacture 
Report of Committee 710, Bensamin Wiik, Chairman 


Building Regulations for Reinforced Concrete (Proposed Code Revisions 
Report of Committee 501, A. W. Steruens, Chairman 


AMERICAN CONCRETE INSTITUTE 
7400 Second Blwd. 
DETROIT, MICHIGAN 
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Recent A. C. I. Publications 
in Separate Prints 


(25 cents each except as indicated) 


Portland-Puzzolan Cement as Used in the Bonneville Spillway Dam 
(50 cents per copy) 
By R. R. Cuarg and H. E. Brown, Jr. 


Earthquakes and Reinforced Concrete 
By Jacos J. Cresxorr 


Maintenance and Repair of Concrete Structures in Railroad Construction 
By M. HrrscatTaart 


Cement and Concrete Studies on the Passamaquoddy Tidal Power 
Project 
By Huau J. Casrry 


Concrete Rehabilitation Work on the Uncompahgre Project 
By A. B, Reeves 


A Study of the Column Chapter of the A. C. I. Building Regulations for 
Reinforced Concrete 
By C. A. WILLson 


Grading and Workability 
By W. H. GLanvit_e 


Drying Shrinkage of Large Concrete Members 
By Roy W. Carison 


A Study of Sub-Aqueous Concrete 
By Artruur R. ANDERSON 


Rectangular Concrete Sections under Torsion 


By Paun ANDERSEN 


The Autoclave Test and Interpretations 
By Roy N. Youn: 


Length Changes of Cement Paste in Relation to Combined Water 


By Yasuicut YosHipa 


Measurement of the Moisture Content of Concrete 
hy R. W. Spencer 


A Simple Test for Water Permeability of Concrete 


By Georce Wirey and D. C. Covison 


A list of Institute papers and reports published in the JournNaL 
in seven years ended June 1936 is available on request of: 


Secretary 


AMERICAN CONCRETE INSTITUTE 
7400 Second Blwd. 
DETROIT, MICHIGAN 














24 JOURNAL OF THE AMERICAN ConcRETE INSTITUTE Sept.-Oct. 1937 


Recent A. C. I. Publications 
in Separate Prints 


(25 cents each except as indicated) 


Progress Report of the Joint Committee on Standard 
Specifications for Concrete and Reinforced Concrete 


available in a limited edition 
70 pages, 814 by 11 inches 
Single Copies $1.00 
to A. C. I. Members $0.75 


Building Regulations for Reinforced Concrete 


The A. C. I. Building Code (A, C. I. 501-36T) Adopted by the American Con- 
crete Institute, February 25, 1936, as a Tentative Standard 


(50 cents per copy, lower prices for quantity orders) 


Resistance of Cement to the Corrosive Action of Sodium Sulphate Solu- 
tions , 
By Lewis H. Tursiii 
Effect of Calcium and Sodium Chlorides on Concrete When Used for Ice 
Removal 


(Progress Report) 
By H. F. Gonnerman, A. G. Trwms and T. G. Tartor 


Effect of Plastic Flow and Volume Changes on Design 


Report of Committee 313 
Crypg T. Morris, Chairman 


A Conductometric Analysis of Portland Cement Pastes and Mortars and 
Some of Its Applications 
By W. B. Boast 
A Short Method for Computing Moments in Continuous Frames 
By 8. C. Ho.utster 


Notes on Inspection of Structures in Europe 
By A. J. Boass 


Recent Developments in Foundation Design with Special Reference to 
Concrete 
By Cartton 8S. Proctor 


Recent Developments in Pile Foundations 
By Maxwe tt M. Upson 


Properties of Cements and Concretes Containing Fly Ash 
(50 cents per copy) , 


By Rayrmonp E. Davis, Roy W. Cartson, J. W. Keiiy and Harmer E. Davis 


Experiences of an American Contractor in London, England 
By Joun G. AHLERS 
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A Simple Method for the Computation of Temperatures 
in Concrete Structures * 


By Roy W. CarLsont 


MEMBER AMERICAN CONCRETE INSTITUTE 


THE prediction of the temperature variations that are likely to 
occur in a concrete structure becomes of greater interest as design 
methods become more exact. Often there are optimum plans of 
construction that will produce favorable temperatures in mass con- 
crete without great cost but the information necessary to aid in select- 

ing those plans has usually been lacking. Among the factors that 
‘ affect temperatures are dimensions, thickness of days work, heat 
generation of cement, richness of mix, initial temperatures, type of 
forms, ambient temperatures, and thermal properties of the concrete. 
In most cases, the aim is to avoid high temperatures and large tem- 
perature gradients, but in winter concreting, low temperatures and 
danger of freezing are the problem. 

The precise prediction of temperature distribution in concrete is 
practically impossible due to the inexactness and complexity of the 
conditions. Heat generation of cement varies with time in such a 
manner that it cannot be nicely expressed by simple mathematical 
equations. Furthermore, the heat generation is affected somewhat by 
the resulting temperatures, which are not known at the outset. Sur- 
face conditions are usually variable and are seldom known accurately. 
Finally, the thermal characteristics of conerete vary with age and 
temperature and are difficult of precise measurement. 

Although exact prediction of temperature distribution is practically 
' impossible, prediction that is sufficiently accurate for engineering 
purposes is feasible. An approximate method is described below that 
has been confirmed by field measurements in a number of structures. 
The method consists in dividing the concrete into space intervals and 


*Received by the Institute Sept. 6, 1937 
Dept. of Civil Engineering, Massachusetts Institute of Technology, Cambridge, Mass. 
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first computing the temperatures after the lapse of one time interval, 
then after another, etc. The time intervals are chosen short enough 
to permit the assumptions that heat generation is constant and tem- 
perature change is linear for the period. Likewise, space intervals are 
chosen small enough to permit the assumption that the temperature 
at the center of an interval is the average for the interval. 


The method of computing temperatures described below has been 
reduced to a tabular one to make it practicable. As many equations 
are obtained as there are stations of unknown temperature, and since 
the solution of temperature at as many as 50 stations is often desired, 
the problem becomes one of solving a large number of simultaneous 
equations. Taking advantage of the fact that never more than three 
unknowns appear in one equation, it is possible to write a general 
expression for the temperature at any point involving two factors, 
which can be determined for each station in turn to fill the columns 
of a table. Thus, one of the factors depends only upon known quan- 
tities, such as initial temperatures, space and time intervals, etc., so 
it can be computed for each station to fill one column of the table. 
This provides the needed information for computing the next factor, 
which can then be computed for each station in turn, starting from 
the innermost station, to fill the next column. Finally the desired 
temperatures depend only upon the second factor, and upon the 
temperatures already known, so they can be computed for each 
station, starting from the outside boundary, to fill another column, 
and thus completing the solution for one time interval. In this 
manner, a number of simultaneous equations of the type encountered 
can be solved in about an equal number of minutes. A detailed 
account follows. 


DEVELOPMENT OF WORKING EQUATIONS 


A solid body from which heat is being conducted may be considered 
to be made up of independent prisms of unit cross-sectional area. 
Heat flows only along the length of the prisms and no heat crosses the 
side boundaries. One of these elemental prisms is shown in Fig. 1, 
the end A being in an outer boundary and F being located where 
there is no heat flow. For example, in a symmetrically heated slab, 
A would be an outer surface and F would be at the center of the slab, 
while in a slab having one face insulated, F would be at the insulated 
face. Station F, across which no heat flows, may be termed an “inner 
boundary” for convenience. 


In order to simplify the analysis, stations A, B, C, ete., are located 
at equal intervals X from the outer surface A. In Fig. 1 there happen 
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Fic. 1—DIAGRAM OF ELEMENTAL PRISM SHOWING NOMENCLATURE 


to be 5 intervals from the outer to the inner boundary; in most cases, 
more intervals are necessary, but in rare cases, fewer may be used for 
quick results. 


In the upper part of Fig. 1 are shown the temperatures at the begin- 
ning and at the end of a time interval. It may be assumed that tem- 
peratures are symmetrical about F, even though F may be in an 
insulated face. Each station is considered to be the center of a volume 
extending halfway to each adjacent station. The average tempera- 
ture of this volume is assumed to be the temperature at the station. 
Furthermore, the temperature gradient at the boundary between 
two such volumes is assumed to be the difference in temperature of the 
corresponding stations divided by the distance X. These are assump- 
tions that become more nearly valid as smaller intervals of space and 
time are chosen. 


Considering the volume of which F is the center, the quantity of 
heat lost is the sum of the quantities flowing across each adjacent 
midsurface, or since temperatures are assumed to be symmetrical 
about this station, twice the heat flowing across one adjacent mid- 
surface. And since the quantity of heat conducted across a surface is 
equal to the product of (1) the average temperature gradient during the 
time interval, (2) the coefficient of thermal conductivity, (3) the sec- 
tional area, and (4) the elapsed time, the quantity of heat leaving the 
volume may be written: 


e« 2(“ pis - _ TS heer (1) 


| 


9 


_ 
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Where K is the coefficient of thermal conductivity and T is the time 
interval, the cross-sectional area being unity. 


The temperature change due to the loss of heat is expressed by 
dividing the quantity of heat lost by the heat capacity. Since the 
heat capacity is equal to the product of, (1) the volume (in this case 
equal to X), (2) the specific heat per unit of weight, and (3) the 
density; the change in temperature due to the escape of heat from 
the volume is therefore 


Atj=t; + t';- ts — t's) : eee eS ef ee Re co eed (2) 


The expression, —, which determines the rate at which a material 
cp 

can approach uniform temperature, is called “thermal diffusivity”’ and 
is usually designated by —h?. It expresses the relation between heat 
conduction and rate of temperature change. It may be defined as the 
temperature change of a unit cube due to the gain or loss of as much 
heat as will flow through the cube in unit time with unit temperature 
difference between opposite faces. If the cube were to have dimensions 
X instead of unity and if the time interval were T instead of unity, 
the expression for diffusivity would become KT/X*cp or —h?T/X?, 
which is therefore the “particular diffusivity” for the specific space 
and time intervals selected. The reciprocal of particular diffusivity 
is more convenient to use in the equations, and since it is in a sense 
a “similitude factor,” it is designated as —S. The negative sign is 
consistent with the fact that heat flows from regions of higher to 
regions of lower temperature, making Af; negative when f; is greater 
than ¢,. 


In addition to the change in temperature due to escape of heat, 
there may be a change due to heat generation within the volume. It 
is necessary to add the full temperature rise that would occur due to 
heat generation during the time T if no heat were lost, because all 
heat loss has already been taken into account in equation (2). The 
equivalent temperature rise of heat generation, or ‘‘adiabatic tempera- 
ture change,” is termed AO. After making the substitution noted 
above and adding AO to equation (2), the change in temperature 
becomes 


Se ee o—_*$__—* + AO........... : (3) 


Equation (3) can then be transformed into the following equation, 
—2t, + t, (2S + 2) = 2t', + (2S — 2) t's + 2SAO..... . (4) 
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The whole right hand side of equation (4) consists of constant terms 
and may be called C;, the subscript indicating that it applies to the 
fifth station. Making this change and solving for ¢t;, one finds 


C; 2t - 
ie eh ae ars (5) 
28 +2 
or ts = Ls + Zt . “elede a ; aa ; (6) 
r 1 C;Z5 
where Z; = and L; = —— 
S+1 2 


The reason for introducing the new symbols Z and L will become 
apparent later when a single expression is written for the temperature 
at any station. 


Similarly, considering the next volume where the temperature at 
the beginning of the time interval is t's; and at the end is simply ¢,, 
the temperature change is found to be 

titt,—t—tls , t+ts—t—t's 7 
- +: + A@..(7) 

28 28 

Arranging the constant terms on the right hand side again and 

simplifying to correspond with equation (4), 


tz + (2 -4- 2S) ts = t; = t's “f+ (2S 2) t’ 4 4. t’. “+ 2SA0. . (8) 


— ty =- 


Substituting for ¢; its value from equation (6) and denoting the 
right hand side of equation (8) by C4, 


ts + (2 + 2S) ts L. Zt = $48 poate ae . _(9) 
and 
t i. t. c i. ts . 
eee eee ee 
Z 4. 28 Z; 2 + 2S Zs 2 + 2S Z; 
l 


in which Zs =- ei and Ls = (C4 a L;) Zs. 
2 4. 28 Zs 


In a similar manner, the temperature at the next point is found to be 


3 y 2 C; 4 2 . 
tz = C: + ba + bs _ a+ lat - + bs ae Lz + Zale. .(14) 
2 si 28 Zs 2 -+- 2S Zs 2 + 2S Zs 
1 r 
where Z; = — and Ls; = (C3 + La) Zs. 
} z + 2S Z5 


The general expression for the temperature at any station except 
the inner boundary will be similar to equation (14) or 


- — Lie + Late 1 a . , outa he ; in ie Gate Svea . (16) 
where L, = (Ca + Lat1)Zun........205: oh Meret sis Werceed (17) 
C. = fa + (2B — D0. + hin + OO.......... 0 
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eee ee mar oe (19) 
h?T 
" 1 
| _... (20) 
2S + 2 — Zn +1 
At the station beyond which no heat passes, tn; = tnii and 
tn41 = tn-1, and the equations are, as previously developed: 
Ca = 2 nai + (2S — 2) t'n + 2SAO..... (21) 
Cin 
Ln = —..... ee eee (22) 
2 
- 1 
Zn Fe eee (23) 
S+1 
tn = Ly» + Ztn_, (same as for other stations)... . , ~ (36) 


APPLICATION OF EQUATIONS AND MODIFICATION FOR SPECIAL CASES 

As previously stated, the foregoing equations were developed for 
application to a tabular method of solution of temperature distribu- 
tion. To begin the computations, one must know not only the dimen- 
sions and surface temperature but also, (1) the temperature distribu- 
tion at some initial time, (2) the diffusivity of the material, and (3) 
the adiabatic temperature rise. The selection of time and space 
intervals is then made in order to fix S according to the equation 
S = X?/hT. Intervals can usually be chosen so as to make S = 1 
for concrete walls in the range of thickness from 4 to 20 feet, where 
both faces are exposed, or from 2 to 10 feet, where one face is insulated. 
In massive concrete, one-foot space intervals can be used if lifts are 
four feet or more thick, but smaller intervals must be used for shallower 
lifts. Some studies will be presented later to indicate the extent of 
error that will be introduced by choosing intervals too large. 

Having fixed the value of S, values of C,, L, and finally t, are com- 
puted for each station to fill the columns of a work sheet. This 
completes the solution for one time interval and successive solutions 
are made similarly until the desired time range is covered. 

In order to illustrate the tabular method, several examples will be 
given as follows: 

1. Temperature changes due to heat generation in concrete wall 
with non-insulating forms, 

2. Concrete wall with partially-insulating forms, 

3. Layers of concrete cast on extensive foundation. 

1. Concrete Wall with Non-insulating Forms. A typical solution for the simple 
case of a concrete wall of five-foot thickness (2.5 ft. half thickness) is illustrated in 
Table 2. The diffusivity of the concrete is given as 1.0 ft.* per day, a representative 
valne for concrete, and the adiabatic temperature rise is given as 6.2°F. for the first 
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ae] 


ABLE 1—NUMERICAL VALUES OF THE MULTIPLIER, “‘Z”’ 





Value of Z for Various Values of the Similitude Factors 
Station (= X?/h?T) 
Ss 2 | s=2 | 8-1 S=%4 |S=% |S8S=%|S8=% 


All Sta. Distant | 
ipa 0.3820 | 0.5000 | 0.6100 0.7030 








from ‘'N 0.1010 | 0.171 0.2680 
-5 0.1010 0.1715 0.2680 0.3820 0.5006 0.6124 0.7138 
N-4 0.1010 0.1715 0.2680 | 0.3821 0.5025 0.6169 0.7241 
N-3 0.1010 0.1716 0.2680 | 0.3830 0.5058 0.6289 0.7440 
N-2 0.1010 0.1717 0.2692 | 0.3899 0.5230 0.6601 0.7812 
N-1 0.1020 | 0.1765 0.2857 | 0.4286 | 0.5882 | 0.7348 0.8446 
N (Inside | | 
Boundary) 0.2000 0.3333 | 0.5000 0.6667 0.8000 | 0.8889 | 0.9410 
TABLE 2—SAMPLE COMPUTATION, FIVE FOOT CONCRETE WALL 
(First Quarter Day) | (Second Quarter Day) 
Station Depth | | |—— - - - —— - 
Below Surface | +" Z | C L t C | L t 
0 0 0 | 0.0 0.0 
1 0.5 ft 0 0.268 12.4 1.54 $4.5 | 22.8 8.8 8.8 
2 1.0 ft. 0 0.268 12.4 t.54 5.8 | 27.6 | 10.2 12.6 
3 1.5 ft. 0 0.269 12.4 $.53 6.1 | 29.0 10.6 14.0 
4 2.0 ft. im 0.286 12.4 | 4.44 6.2 | 29.3 | 10.5 14.5 
5 2.5 ft 0 0.500 12.4 | 3.10 | 6.2 | 29.4 | 7.3 | 14.6 
| | | 
Notres—X 0.5 ft., T 0.25 day, h® 1.00 ft.2 per day, AO = 6.2 for first 144 day and 8.5 for 


second 14 day. 


14 day, and 8.5°F. for the second 14 day. Initial temperatures are also given as 
equal to the surface temperature. Space intervals of 14 ft. and time intervals of 
14 day are chosen so that S becomes unity to simplify the computations of C,. 
Were not the diffusivity a round figure, equal simplicity couid be obtained by resort- 
ing to odd time intervals; otherwise, the slight extra work of an added term in the 
equation for C,, would result. 
The first step is to compute values of C,, to fill column 3 from the equation 
Cn = Un-i + (28S — 2) tn + trai + 2SA0 
which becomes, C, = Un—-1 + Unis + 2A0 


The subscript n refers to the station for which a value is being computed. Thus, 
in computing C,, for station No. 3, n = 3, sot’, —, is the initial temperature at Station 
No. 2, and similarly, ¢t’,+41 is the initial temperature at station No. 4. The one 
equation serves throughout, recalling that at the inner boundary, t’',41 = t'n—-1. 

Relative temperatures, rather than actual temperatures, are often advantageous 
in that they yield smaller numbers for computation. In the present case, the initial 
temperature of 0°F. may mean an actual temperature of 70°F. Slide-rule accuracy 
is usually sufficient when relative temperatures are used. 

The next step is to compute values of L, to fill column 4. A beginning is made 
Colin 


at the inner boundary, where L, = after which successive values of L, are 


computed from the equation 
L, = (C, + Ln4:) Zn. 

Since values of Z, depend only upon the values of S, they are taken from Table 1, 
which contains values of Z, for various values of S. The appropriate values are 
written into a column of Table 2 to simplify the computation of L,. 

The final step is to compute the temperatures, beginning at the top of column 5. 
The surface temperature must be known, after which succeeding temperatures are 
readily computed from the equation t, = Ly» + Zntn-1. 
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The temperatures at the end of the first time interval, that now have been com- 
puted, become the initial temperatures for the next time interval. The above pro- 
cedure is duplicated, employing the proper A@ and surface temperature, to obtain 
the temperatures at the end of the second time interval. The procedure may be 
carried on for as many time intervals as necessary, usually many more than the two 
illustrated. 


2. Concrete Wall with Partially-Insulating Forms. Next will be considered the 
more general case of heat flowing from one material into another of different thermal 
characteristics. When heat leaves one material and enters another, the change in 
thermal conductivity, as well as the change in diffusivity, must be taken into account. 
If diffusivity alone governed, it would be permissible merely to change the space 
intervals in one material so as to maintain a fixed S and proceed as though the 
materials were alike. But this implies that a change in thermal characteristics of 
one material has no effect upon the temperatures in the other, an obvious absurdity. 
At the junction of the two materials, there must be continuity of heat flow. That 
is to say, heat must flow out of one material exactly as fast as it flows into the other. 
The temperature gradient in one material must be relatively as much higher than 
that in the other as the thermal conductivity of the first material is lower than that 
of the second. This condition is not easily fulfilled if the space intervals in both 
materials are chosen at will. A fairly simple alternative is to choose space intervals 
in one material that will simplify the equations, and to compute the space intervals 
in the other material according to the relative thermal conductivities as follows: 


Xe _ Ka 
% & 


wherein the subscripts refer to the different materials. When space intervals bear 
this relation to one another, a given change in temperature over one of the space 
intervals in a corresponds to the same rate of heat flow as does the same change in 
temperature over one of the space intervals in b. 


At the junction of different materials, different thermal conductivities, specific 
heats and space intervals are involved. When the two adjacent half intervals of 
different size are considered as a unit, and when the space intervals are proportional 
to the conductivities as specified above, it can be shown that merely to use the average 
of the two values of S for the two materials in Equations (16) to (20) is nearly 
exact. Due to the fact that two half intervals are considered as a unit, the adiabatic 
temperature rise to be used is not the arithmetic average for the two materials, but 
is the weighted average, taking into account the different heat capacities. Usually 
the proper value of A® can be estimated readily. For example, at a junction station 
between wood and concrete, practically the full adiabatic temperature rise of the 
concrete prevails because the heat capacity of a space interval of wood is small com- 
pared with that of the larger space interval of concrete. 


Due to the fact that Z, is modified at the junction, successively computed values 
of Z, are modified also, all in accordance with Equation (19). 


Table 3 is an example of the computation of temperature distribution where two 
materials are involved. In the example, a concrete wall similar to that considered 
in Table 1 is now covered with wood forms 0.1 ft. thick. The outside of the wood is 
kept at the initial temperature of the concrete. The thermal conductivity of the 
wood in question is one-twentieth that of the concrete, so the space intervals in the 
wood are made 0.025 ft. as compared with 0.50 ft. in the concrete. The diffusivity 
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TABLE 3——-CONCRETE WALL, PARTIALLY INSULATED BY FORMS 


Station Depth 


No. Below t Z Expression for C Cc L t 
Surface 

l 0.025 0 740 t'nu3 1.95t'n + t’n +1 1.22 1.2 
2 0.050 0 692 t’n-1 — 1.95t'’n + t’'n +1 0 1.65 2.4 
3 0.075 0 595 t’n-1 — 1.95t’n + t’n-+1 0 2.39 3.9 
4(J 0.100 0 364 t"=.3 0.96t'n + t'n+1 + 1.04A0 6.5 +.03 5.4 
5 0.600 0 268 t'nur + t’n +1 + 240 12.4 +. 54 6.0 
6 1.100 0 268 t'nui + t'n+1 + 2A0 12.4 1.54 6.0 
7 1.600 0 269 t’n-1 + t'n +1 + 240 12.4 4.53 6.1 
8 2.100 0 286 12.4 4.44 6.2 
9 2.600 0 500 12.4 3.10 6.2 


Notres—Uppermost stations are in wood forms, lower stations are in concrete, Sta. 4 is at Junction, 
and Sta. 9 is at center of wall. Following data prevail: 


Quantity Wood Concrete 
X 0.025 ft 0.50 ft. 
ij 4 day \4 day 
h2 11 ft.2/day 1.00 ft.2/day 
K 1.80 3.7. 36.0 3. 
‘\ = ob ~ = 
Ft. Da. ° Ft. Da. °F 
A® (Ist 44 day 0 6.2 


TABLE 4 CONCRETE LAYERS CAST ON ROCK 


Distance Initial 
Above Temp Cc L, t Cc L t 
Rock t’ (1 da (2 da 
(Second Day) 

10 ft (0 30.0 11.0 0 
9 ft (O 30.0 11.0 11.0° 
S ft (O 30.0 11.0 14.0 
7 ft First Day 0 30.0 11.1 14.9 
6 ft (O 30.0 11.5 15.5 
5 ft.(J 0 0° 35.9 13.2 17.4 
4 ft 0 30 10.9 19.9 33.7 13.4 18.1 
3 ft 0 30 10.8 13.7 45.1 16.3 22.0 
2 ft 0 30 10.5 14.2 16.6 16.0 21.9 
1 ft 0 30 9.1 12.9 42.7 13.4 19.3 
0 ft.(J 0 15 1.0 8.5 25.2 7.5 12.7 
1 ft 0 0 0 2.3 9.1 2.6 6.0 
2 ft 0 0 0.6 2.5 0.7 2.3 
3 ft 0 0 0.2 0.7 0.2 0.8 
4 ft 0 0 0.1 0.2 0.1 0.3 
5 ft 0 0 0.0 0.1 0 

Notres—S TW 1 day, h 1.00 ft.2 per day for both concrete and rock, Z .268, A9 

15.0° first day and 10.0° for second day, initial temperatures 0 


Equations: (C,, tn—1 + t'n+1 + 2A0 
L, = C, + .268 La +: 
t, = Le + .208ln-1 


of the wood is 0.11 ft.? per day as compared with 1.0 for the concrete. In this example, 
the concrete is again generating heat sufficient, if no heat were lost, to raise the tem- 
perature 6.2°F. during the first quarter day. Computations are shown for one-quarter 
day only; the only change in procedure for the second time interval is that the 
final temperatures for the first interval become the initial temperatures for the 
second interval and a new A® must be used. 


3. Layers of Concrete Cast on Rock Foundation. A typical example of a tempera- 
ture problem encountered in massive concrete construction, and a problem where the 
tabular method operates to advantage, is illustrated in Table 4. Layers of concrete 


ee 


nee 
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five feet thick are cast at intervals over a rock foundation of indefinite extent. The 
concrete in each layer generates heat at a varying rate. 

The following additional data are given: 

1. Diffusivity 1.0 ft.2 per day for both concrete and rock, 

2. Initial temperature of concrete and rock uniform and equal to the surface tem- 
perature, and 

3. Adiabatic temperature rise 15.0° first day and 25.0° second day. 

Space intervals of 1.0 ft. and time intervals of 1.0 day are chosen to make S = | 
and simplify the computation of C,. If the heat generation were abnormally high or 
if it varied greatly within a day, shorter space and time intervals would have to be 
chosen. 

Values of C,, are then computed for each station to fill the third column in Table 4 
The mean A@ is used at the station where rock and concrete join. That is to say, 
half of the AO for the concrete is used at this station, because there is no heat genera- 
tion in the rock. In the present example, thermal properties of concrete and rock 
are alike, for simplicity of illustration; if they were different the modifications men- 
tioned in the second example would govern. 

In general, the adiabatic temperature change will vary slightly from station to 
station, even within a single lift, due to the effect of temperature upon heat genera- 
tion. The variation is slight enough to neglect when temperature differences are not 
great, and it has been neglected here. If the variation in adiabatic temperature change 
is known, it can be taken into account merely by changing © from station to station. 

The beginning of the computations of L, is somewhat indefinite in the present 
example. Immediately after casting, the concrete tends to warm up and heat 
begins to flow into the foundation, gradually penetrating deeper. In such a case it is 
permissible to use but one value of Z throughout, i. e., the value that applied for all 
stations distant from the inside boundary. The inside boundary can be chosen almost 
at will and can be assumed to be distant from any station affected by heat flow. In 
order then to obtain a starting value for L,, one can impose the known condition that 
the final temperature will equal the initial temperature at ‘any station beyond the 
region affected by the heat flow and one obtains 

L (ultimate) = (1 Z) 
The above value of L,, is valid for the deepest station that needs be considered, just 
beyond the region affected by the heat flow. Successive values of L, are computed 
progressively upward, using the single value of Z throughout. In the present case, 
since temperatures deep in the rock are zero, the values of L, are also zero, and for 
the first time interval, it is sufficiently accurate to assume that L, is equal to zero at 
the first station below the concrete 

The final step of computing the temperatures at the end of an interval is made 
exactly as in the previous examples, since in general 

th = Ln + Zntn+1 

When a second lift is added, more stations are added above the old surface and the 
initial temperatures of the new concrete must be given. Again the computed 
temperatures of the old concrete and of the rock become the initial temperatures 
of the corresponding stations. The procedure is then exactly as for the first lift, 
care being taken to use the proper value of A@ for each station. At the junction of 
the two lifts of concrete, again the average A@ prevails. 

ACCURACY OF THE TABULAR METHOD 
In order to check the dependability of temperature computations 


by the method described above, comparisons were made with results 
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from an exact mathematical method as applied by R. E. Glover of 
the U. S. Bureau of Reclamation.* The exact method involves 
writing an equation for the adiabatic time-temperature curve and 
then solving for the temperature at any point at any time according 
to the theories of heat conduction. Errors may be introduced due to 
the fact that the mathematical equation may only approximate the 
adiabatic time-temperature curve, and due to the fact that diffusivity, 
initial temperature, and surface temperature may not be known 
exactly. But with these quantities assumed, there is no further error 
in the exact mathematical method. Therefore, a splendid opportunity 
of checking the tabular method was offered by making computations 
from identical assumptions and comparng results. The example 
chosen was that of casting five-foot lifts of concrete on rock at the 
rate of one lift each nine days. For the tabular method, time intervals 
of one day and space intervals of one foot were chosen. Computations 
were made for eighteen days, one day ata time. At the end of eighteen 
days, when the adiabatic temperature rise was 49°F., the greatest 
discrepancy in computed temperatures was about 0.3°F. This agree- 
ment is considered to be good in view of the fact that eighteen sets 
of computations were involved in the tabular method. 

The time required in computing temperatures by the tabular 
method is relatively short. In making the check described above, the 
temperature distribution in both concrete and rock were computed 
by one man for each of 18 days in about 4 hours. 


*See ““Caleulation of Temperature Distribution in a Succession of Lifts Due to Release of Chemical 
Heat,”’ by Robert kL. Glover, page 105. 


TABLE 5 EFFECT OF TIME INTERVAL UPON TEMPERATURE COMPUTATIONS IN 
TWO-FOOT WALL 


Temperatures Computed by Means of Different 
Time Intervals 
Depth Below Surface, ft. 


By Ys Days | By % Days | By 4 Days | By 4% Days 


lg Day After Casting 


0.25 1.2 1.2° 
0.50 By Roar 
0.75 1.9 1.9 
1.00 (Center) 1.9 1.9 
44 Day After Casting 
0.25 2 t.2 3.9° 
0.50 6.2 6.3 5.9 
0.75 ; 7.5 7.1 7.4 
1.00 (Center 7.4 7.4 7.5 
(44 Day After Casting) 
Sere J 13.5° 13.7° 13.5 12.2° 
0.50 21.3 21.7 21.5 19.3 
0.75 25.4 25.7 25.2 23.0 
1.00 (Center 26.7 27.0 26.6 2 


J 
Adiabatic temperature rises 1.0°, 1.0°, 2.6°, 3.4°, 5.0°, 5.0 
intervals 
Space interval of 4 foot used throughout; h? 1.00 ft.2/day. 
Surface temperature maintained at 0° (equal to initial temp.). 


, 7.0°, and 8.0° for successive yy day 
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TABLE 6—SUMMARY OF EQUATIONS 























At Junction of Two Materials ‘a’ and "b": 
Z=|/Ss Ae Zuo C=t,..+(S.+5,-2)t+ ti (Set5,) A8 Lj=(C+ = 4 | 

| 

At Inside Boundary: | 
Z=V/ (S+)) C= 2t,..+(25-2)t, +25 00 L=C,.Z,/2 | 
Beyond Effect of Heat in Mass : | 
Z,=1/(29+2-Z,.) |C=2St L=t(-Z) | 

At All Other Stations : 
Z=\/[25+2-Zne) [Camtit (25-2) nt tit 25 A0 | La=(CutbandZn | 








Fixed Equations : S=x¥ hT and t, =Li*Zata. Ss 





tiand t,are initial and final femps.at Sta'n’, 8 is adiabatic temp.rise in time T, 
X is space interval inft, Tis time interval in days, and h* és diffusivity in tt /day 


A guide to the choice of space and time intervals is offered in Table 5, 
which presents the results of temperature computations for a two-foot 
wall using different intervals. A study of the table indicates that good 
agreement is obtained for all time intervals up to 4 day. The error 
introduced by using 4-day intervals is due largely to the fact that 
the heat generation is not uniform but is about three times as great 
during the second 4 day as during the first 4 day. From the results 
of computations using space intervals other than 4 ft. (not shown), 
it is found that errors of a few tenths of one degree are introduced by 
making the space interval as large as 4 ft. It is concluded that for 
this particular problem, fair results are obtained using intervals of 
4 day and 4 foot, but that the extra work entailed by using some- 
what smaller intervals might be justified. 

VALUE OF TEMPERATRUE COMPUTATIONS 

A large proportion of the volume changes in concrete structures, 
particularly massive structures, results from temperature changes. 
Those changes due to seasonal variations cannot be controlled readily, 
but their effects can often be modified by controlling the time or 
temperature of casting. The temperature changes due to heat gen- 
eration can be modified through manipulation of a number of factors, 
such as type of cement, richness of mix, thickness of lift, and form 
thickness. It is only through being able to predict the probable effect 
of various factors that the most satisfactory plans can be reached. 
In the few cases where temperature studies have been made before 
the beginning of a structure, they have been of real value. 
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Kia. 2 KceFFECT OF THICKNESS OF LIFT UPON TEMPERATURES 


An indication of the type of results obtained from temperature 
computations may be seen in Fig. 2. It was proposed to cast a gravity 
dam with high-heat cement at an average rate of 1 foot per day. 
Computations showed that if 10-foot lifts were cast each 10 days, the 
worst condition resulted four days after casting, when the temperature 
rise of the first lift reached 52°. The curve for this worst condition 
is shown in Fig. 2. When 2-foot lifts were cast each 2 days, the worst 
conditions resulted one day after casting each lift, for which conditions 
the curves are shown in Fig. 2. Further computations showed that 
improvement could be made by casting the 2-foot lifts less frequently 
than the rate illustrated, while no noticeable improvement could be 
made by casting 10-foot lifts less frequently. While the resulting 
stresses as estimated for the temperature conditions illustrated in 
Fig. 2 are more striking than the temperature comparisons, they are 
not within the scope of this paper. Methods of estimating thermal 
stresses are neither simplified as yet, nor is sufficient information on 
the early plasticity of concrete available for rapid development of 
stress analysis. Good use can be made of the temperature computa- 


tions even without stress analysis. 
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Discussion of a Paper by Roy W. Carlson: 


A Simple Method for the Computation of 
Temperatures in Concrete Structures* 


N. M. NEwMARKt 


Mr. Carlson describes a very convenient numerical procedure for 
the solution of a particular type of problem. The method is essentially 


a step-by-step integration of the differential equation :f{ 
at , it 
—— = h? — + O(f)... (1) 
07 Ox? 
This equation governs also the consolidation of clay due to squeezing 
; out of water in the pores, as was indicated by Terzaghi,** and the 


method of solution described by Mr. Carlson may be used for this 
and other problems governed by the same mathematical relations. 

The purpose of this discussion is to present a slight modification of 
the procedure, eliminating the use of large numerical values, which 
permits slide-rule computations to be used in practically all cases. 
The modification is made by use of the change in temperature at a 
point, defined as At, where with the author’s notation, At is given by 
the equation: 


Ai =t-t' 
The solution may then be set up in the same way as is done by Mr. 
Carlson. Equations and computations for the modified procedure 
| are similar to the author’s equations and computations. With the 


author’s notation, and with a bar over the symbol C to denote a diff- 
erence in definition from the author’s corresponding quantity, the 
fundamental relations are: 


*Jounnat Amer Concrete Inst., Nov.-Dec. 1937, Proceedings Vol. 34, p. 89. 

tDepartment of Civil Engineering, University of Illinois, Urbana. 

TWith the author's notation 

**For a detailed description of the correspondence between heat transfer, consolidation of clay, 
and other problems see K. v. Terzaghi and ©. K. Fréhlich, Theorie der Setzung von Tonschichten, 
1936, Franz Deuticke, Leipzig and Vienna, p. 30 and p. 137 
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At, _ Ln + Z,Atn —l y 








L, —_ (Cr + Dn+1) Zn ) 
= 2(t'n—1 aad . + t’n41) oa 2SA0, 
S = 
eT s 
Z, = ; ? ete. 


28+2 Bas Zn41 


One may state the differences between the two procedures as follows: 
With the modified procedure, C and L have different numerical values, 
but all other values are the same as with the author’s procedure. 
One finds values of change in temperature At, from which the new 
temperatures ¢ may be determined. 

As an example of the use of the modified procedure consider Table 2 
giving sample computations for the temperatures in a five foot concrete 
wall. For the first quarter day the computations by both procedures 
will be identical, since the new temperatures ¢ are the same as At. 
For the second quarter day the computations by the modified pro- 
cedure are given in Table 2a. The intermediate computations are 
carried to an unnecessary degree of accuracy to enable one to follow 
the work in detail. 


TABLE 2a—SAMPLE COMPUTATION, FIVE FOOT CONCRETE WALL, SECOND QUARTER DAY 


Station ¢' ( L At t 

i 0 0.0 , 0.0 
1 4.5 10.6 4.36 +. 36 8.9 
2 5.8 15.0 5.66 6.83 12.6 
3 6.1 16.6 6.08 7.92 14.0 
4 6.2 16.8 6.02 8.29 14.5 
5 6.2 17.0 4.25 8.40 14.6 


A simple derivation of the modified equations may be obtained as 
follows: 

With the author’s notation equation (1) governing the transfer of 
heat may be written in terms of finite differences as follows: 


9 


At, = = (t’n—1 — 2t'n + t'nai) + AO............. .. (2) 


This equation may be used as a basis for determination of the 
temperatures if the time intervals are made sufficiently small. It is 
not as accurate as Mr. Carlson’s procedure for it does not take into 
account the changes during the time interval. It does permit a very 





ae eee. 
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rapid calculation to be made, however, and in some cases is very 
useful to obtain quick approximate results. 


If the true change in temperature is taken as the average of the 
values given by equation (2) for the beginning and the end of the 
interval, the method described by the author and the modified pro- 
cedure described here may be developed. Instead of equation (2) 
one finds: 


1/t', . Pak o at a : 
At, - + ! ae ps ') +40 Sag A 
2 2 
or with the relation, 
t’ t , 
+ = t' + WAL. I da (4) 
there results: 
1 wer . ‘ 1 
(1h +—) a, = — en - Mn + Carr) + OO +— CO + Mad 
S S S 
or 
l , ‘ , P : 
wie rai oe Ot’, + t'n41) + SAO + Mater + Yang f 6) 
S 


This equation is the basis of the method. It may be solved by 
successive approximations, in a manner which is not difficult but is 
somewhat inconvenient. It may be very easily solved by successive 
substitution of one equation into the following equation. This type 
of solution when set up into general formulas gives the equations of 
the author and those presented herein. 


For example, with point n a center of symmetry, t’,-; = lt'n4i, ete. 
One may derive from equation (5) in the same manner Mr. Carlson 
does, the result: 


At, = La + ZrAty l 


where 
cnt 
S+1 
1! # 
L=- - 
2 


C, = 2 (2t',1 — 2t'n) + 2SA0 
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One may derive the other equations for other points. In any case 
only the value of C will be defined in a manner different from that 
in the procedure Mr. Carlson has described. 


AUTHOR’S CLOSURE 


The author wishes to acknowledge two failings in his paper on 
temperature computation in concrete. Firstly, the impression was 
given that the method applied only to mass concrete. The method 
has been found useful for relatively thin members, as well, where 
heat of hydration may be a smaller factor and weather variations 
more important. 


Secondly, it was inferred that the method of computation could 
not cope with heat flowing in more than one direction. Due to the 
fact that temperature effects are additive when fundamental con- 
siderations are satisfied, the effect of lateral flow of heat can be added 
to the effect of heat flowing vertically, or vice versa. The procedure 
is first to assume the side surface to be perfectly insulated and to 
compute the vertical distribution of temperature as described in the 
paper. The second step is to confine attention to a chosen elevation 
and to compute the effect of reducing the temperature of the side 
surface of concrete originally uniform in temperature by an amount 
equal to the rise computed for the condition of complete insulation. 
The cooling effect of the reduction in surface temperature below what 
it would be if completely insulated must be computed for separate 
time intervals, one at a time. A different reduction in surface tem- 
perature must be adopted for each time interval, because the tempera- 
ture for the condition of complete side insulation changes with time. 
The cooilng, or reduction in temperature, at various depths is then 
added to the temperature found for complete insulation, to give the 
temperatures for heat flowing in two directions. No heat of hydration 
is involved in the second step to get lateral distribution, because the 
full effect of heat of hydration was included in the first step. 


Form insulation has an important effect on concrete temperatures 
and the evaluation of the effect was considered briefly in the paper. 
Recent studies indicate that a simplification can be made in the 
method described for including form insulation in the computations. 
Due to the fact that the exact thermal conductivity is not known for 
wood containing an uncertain amount of moisture as it exists in 
contact with moist concrete, great refinement in computations is 
not justified. Therefore, it is suggested that the relatively-small 
heat capacity of the wood may be neglected. The diffusivity of the 
wood then becomes infinite and the expression for “S’’ becomes zero. 
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The thermal conductivity is fully operative, nevertheless, because 
it governs the choice of space intervals. The simplification is appreci- 
able. 

The author is indebted to Dr. Newmark for pointing out the applic- 
ability of the method of computing temperatures to the computation 
of consolidation of clay. The method is also applicable to other 
problems where diffusion principles are involved, such as to the drying 
of porous solids. 

Dr. Newmark’s suggested revision to the method of computing 
temperatures is interesting but does not seem to be necessary in view 
of the fact that slide-rule accuracy is already sufficient. The dis- 
advantages of further departure from exactness by failing to take into 
account the temperature change during each time interval, and of 
requiring an extra series of additions in each interval, seem to offset 
whatever advantage the revision might offer. True, Dr. Newmark 
may practically eliminate the first disadvantage by choosing smaller 
time intervals, but this adds to the work. 
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Calculation of Temperature Distribution in a Succession 
of Lifts Due to Release of Chemical Heat* 


By Rosert EF. GLovert 


MEMBER AMERICAN CONCRETE INSTITUTI 


INTRODUCTION 


THe method described herein has been devised for caleulating 
temperature distributions in a succession of lifts, exactly and rapidly. 
The solutions are obtained by synthesis from Kelvin’s instantaneous 
surface source.{ The integrals are arranged for graphical evaluation 
with the aid of a planimeter. A mathematical device is introduced to 
simplify and expedite the graphical work. The computation is per- 
formed in two parts. The first part deals with the diffusion of the 
heat previously generated and the second part accounts for the heat 
released by chemical action. An added third part deals with the 
effect of external temperature changes. 

PART 1. 

The process for computing the diffusion of the heat previously 
generated may be described as follows: Kelvin’s instantaneous 
surface source is given by the expression 


(¢ r)? 
(Je A] ) 
“l 
0 a (2 eo 
VArh*t 
This satisfies the differential equation 
90 ims) 
= f? . ..(2) 
al Ox 


and represents the temperature 0 at the point x and time ¢ in an in- 
finite solid, having the diffusion constant h?. The temperature 0 is 
*Received by the Institute, Oct. 4, 1937 
fEngineer U.S. Bureau of Reclamation, Denver 
{For a description see, Kelvin's Mathematical and Physical Papers, Vol. II, Page 41 Compendium 


of the Fourier Mathematics for the Conduction of Heat in Solids.’ or Chapter LX of the Second Edition 
of ‘The Conduction of Heat’ by Carslaw 
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due to the release at the time ¢ = 0 of Q units of heat per unit of area 
of the plane x = &~ The heat units are expressed in terms of the 
thermal properties of the material by defining a unit of heat as the 
quantity required to raise one unit of volume of the material one 
degree. The physical dimensions of & in equation (1) is therefore 
degrees times length. 

To apply this to the case under consideration assume x and £ to be 
measured in the direction of the normal to the surface of the top lift, 
the positive direction being downward and x and £ being zero at the 
surface. Assume in addition that the temperature of the surface of 
the lift is maintained at zero. Let the temperature distribution at 
t = 0 be given by 

ee aren rere (3) 


The temperature at the point z and time ¢t due to the quantity of heat 
F(é)dé originally located between the points — and & + dé will be by 
equation (1) 
(é r)? 
feet tht | Gj .(4 
Vi rh*t 

Since equation (2) is of the linear type the solutions obey the law of 
superposition and it is therefore permissible to express the tempera- 
ture at the point x and the time ¢ due to all the increments of heat 
originally present in the region — > 0 by the expression 

(g r)? 

Mee ghee 

* V4 rh2t 
To be acceptable a solution must satisfy equation (2) and the initial 
and boundary conditions. Expression (5) satisfies the first two re- 
quirements but does not satisfy the third since the diffusion of heat 
across the boundary x = 0 of the infinite solid, of which we have 
assumed the concrete below the surface of the lift to form a part, 
will eventually cause the temperature at this point to depart from 
zero. This difficulty can be overcome by use of the mathematical 
device called an “‘image’’. The “image” consists of a temperature 
distribution in the region <0 which is a replica of the distribution 
in the region §>0 but of opposite sign so that the effect of each in- 


dQ = 


0 = Pee (5) 


crement of temperature in the region §>0 is nullified at « = 0 by 
a similar quantity of opposite sign in the region <0. The intro- 
duction of the image will therefore cause the temperature at « = 0 


to remain at zero. The solution which satisfies the requirements in 
the region x >0 is therefore 


——————— 
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wal (¢- x)? 
p(fye ARY 
® = a. 
_« V4 rh't 
where 
o(&) = F(é) in the region &>0. 


o(¢) = —F(—) in the region <0. 

e = 2.71828+ and w = 3.14159+. 
This expression is not a good one for computation but it may be 
improved by the following device. We have, essentially, to integrate 
the product of two functions involving the variable ~ If one of 
them is plotted as ordinates against corresponding values of the 
integral of the other as abscissas the area under the curve so drawn 
will represent the value of the integral. To make use of this possi- 
bility rewrite equation (6) in the form 


l re 0 & 4 a 
0 o(—)— Pf - dé » these @ oka ace 
2 _o es Vv 4h*t 
2 elf 9 
P(y) = ~ sag 
Vr a da 


This is the well known “Probability integral’ for which tables of 


where 


values are available*. The symbol y here represents any quantity 
whose probability integral is required for the purposes described 
herein. The symbol @ represents a variable of integration. 


The statement that the area under the curve plotted in the manner 
described represents the integral may be verified by reference to 
Fig. 1 where it is shown:graphically how an element of the area under 
the curve represents a corresponding element of the area of the in- 
tegral In this case the temperature ¢(£) is plotted as an ordinate 
against the corresponding value of 


pice 
(aa) 


plotted as abscissa, the heavy vertical lines being used to identify the 
abscissas corresponding to the above probability integral values com- 
puted for the values of (—w2x) shown near the top of the figure 
The shaded element of area represents the quantity 


0 &—z 
(pd Gee hd 
“) ae eal ; : 


and the totality of such areas therefore represents the value of the 


*A good table may be found in ‘‘A Short Table of Integrals’’ by B. O. Peirce—Third revised edition. 





1937 





Nov.-Dec. 


= 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 





See SB i Bini Ri ths bn Siew iaws 


I ee eta oe ten Ao hn a tee Arma’ a RE I TT Ee ee 


nee a a— ~-— aanligt aieah 










— 





Se ee eee 





eevee ewer 


on 





Calculation of Temperature Distribution Due to Chemical Heat 109 


integral, as previously stated. That equation (7) is the equivalent 
of equation (6) may be verified by performing the indicated differen- 
tiation or by making the substitution 


4 oo 2 
V4ht 
in the integral 


fod 


é ERA 
- = - = It 
V4rh?t 


PART 2 
The method of computing the temperature distribution at the 
time ¢ due to generation of heat by chemical action, may be described 
as follows: Replace the Kelvin Instantaneous surface source used in 
the first part by a generating surface source obtained from the Kelvin 
solution by evaluating the integral 


(E-— ap 


f : 
’ 4h? (t d) 
U(h?, x, ¢, t) = SE). 4” eee ‘i 
. dx V4 rh? (t— r) 


where 7'(A) represents the temperature rise obtained from the adia- 
batic calorimeter as a function of the time ’. Physically this integral 
gives the temperature at x due to generation of heat according to the 
law T(A) at & during the time interval \ = 0 to \ = ¢t. The amount 
of heat generated during the interval being 7'(t) units per unit of area 
of the plane —& The temperature in an infinite solid at the time t due 
to the generation of heat in a lift in the region §;<&<& may now be 
calculated by means of the integral. 


9 = f 
(&—az)* 


or f. t - - 
oe i 4h2(t—n») 

OQ = IT(X) .¢ drdé..... res |) 
&; e dd V4 rh?(t—r) 


In order to evaluate this integral it is expedient to change the order 
of integration and perform the integration with respect to & first. 
By the substitution of variable previously described it may be de- 
termined that the required integral is 


t dT he oan , 
aa a7 (A) 1 P( a P(. 1 me —} jdd ..(10) 
. dd 21 \W4h*(EA) Vv 4h?(t-A) 


’ U(h?, x, &, t)dé 


wre Jr 
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As in Part 1 the boundary condition 6. = 0 when x = 0 must be im- 
posed by the use of an image, in the region §<0. The solution that 
satisfies all the conditions in the region x>0 is then 


t ‘cee 
@, = — eee oS aa Or : :) + 
7... a Vv 4h?(t-r) V 4h2(t-r) 


p our ee S) AIOE «5 
v 4h?(t-d) V 4h?(t-d) 


This integral is of a form suitable for evaluation by the process pre- 

viously described. In the present case the ease with which 

dT (x) 
dy 


(sacs) P(. 1 = ae | oS. b P( be + x ) 
Vv 4h?(t-r) V412(E-X) V4h2(t-d) V 4h2(t-v) 


as the quantities to plot as abscissae and ordinates respectively. 


may be integrated leads to a choice of T(A) and 


A separate evaluation of the above integral must be made for each 
lift generating heat. 

PART 3. 

When an attempt is being made to correlate calculated and observed 
temperature data it may be necessary to account for the diurnal 
temperature variations at the surface of the lift. Since these effects 
will not penetrate more than a few feet from the surface during the 
time the surface of a lift is ordinarily exposed the semi-infinite solid 
idealization, which considers the cooling body to occupy all the space 
on one side of a plane, may be used. The temperature distribution at 
the time ¢ in a semi-infinite solid originally at the uniform temperature 
8, throughout and with its plane face maintained at temperature 
zero is given by the expression* 


@ = ar—_ eg 8 
V4h"t 


Where, as before, x represents the distance measured into the solid 
from the exposed plane surface. The temperature at the point x and 
time ¢, due to external temperature variations may be evaluated by 
subtracting from the prevailing external temperature at the time ¢ 
the value obtained from the integral 


t dR 
a GE) CO ee eee (13) 
toy Vane(E-A) 


Where E(A) represents the temperature at the surface at the time X. 


*See page 34 of the second edition of ‘‘The Conduction of Heat’’ by Carslaw. 
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This integral may be readily evaluated by the method previously 


: ; r 
described. In this case values of P( — =) are plotted 


V4h?(t-X) 
against H(A) to define the area to be measured with the planimeter. 

When applying the above methods the mean daily air temperature 
should be considered as zero temperature. This is permissible since 
the zero point for the temperature scales in common use are arbi- 
trarily selected. Correction to the customary scale may be made by a 
single addition at the end of the computation. The selection of the 
zero in the manner described above will be found to expedite the 
computations materially. 

SUGGESTION FOR COMPUTATION 

Although the method for calculating the diffusion of heat previously 
generated was presented first to simplify the explanation, the compu- 
tation of Part 2 will generally occur first in an actual application. 
Equation (11) is built up from two solutions of the type given by 
equation (10) arranged to satisfy the boundary condition 6, = 0 
when x = 0. 

In actual practice it appears to be preferable to compute the dis- 
tribution in an infinite solid given by equation (10) and to impose 
the boundary condition by a separate computation. This procedure 
is illustrated in the worked example. An additional simplification is 
possible if the results of the adiabatic calorimeter run can be ex- 
pressed to a sufficient approximation in the form 


T(d) = ra P mh) Pe Tea re (14) 


Where 7, and m are constants chosen to fit the results of the experi- 
ment as well as possible. The reason for this is that the generation 
of heat after a time ¢, is given by this expression as 


T(r) = rs é m(ty + a) ra- 2 mts) 
Where \ = (¢; + Ai). This may be put in the form 


T() = Te m(y P mrs) t; ee (15) 


The temperature rise after the time ¢, therefore follows the same 
pattern as in equation (14) but reduced in magnitude in the ratio 


ml in : ie ‘ 
to 1. Thus if the temperature rise in the first of a succession 


of equal intervals due to generation of heat in an infinite solid is com- 
puted by equation (10), the temperature rise in each succeeding in- 
terval may be obtained by simply applying the appropriate factor 
obtained from an exponential table. To illustrate the application of 
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these methods, suppose it is required to calculate the temperature 
distribution in a succession of lifts placed under the following con- 
ditions: 

Depth of lift—5 feet. 

Interval between pours—9 days. 


0.016 
T(r) = 49.1 (, ¢ 16h) 


degrees Fahrenheit and time in hours. 
Diffusivity of the concrete, h? = 0.0418 ft*/hr. 


Where temperatures are expressed in 


The computation of Part 2 is shown in Fig. 2. The vertical lines 
mark the values of 7'(A) at the end of each 24 hours. On these lines 
are plotted appropriate values of 


£, z ; & L 
P{- and P( : 
V4h?(t—A) V4h?(t—d) 


The quantities £, and & have here the values 0 and 5 respectively and 
t is 216. When plotting these values it is convenient to remember 
the following facts about the probability integral: 


P(0) = 0. 
P(o) = 1, 
P(—n) = P (n). n>0O. 


In order to avoid the need for computing and tabulating values of 


P( b> ¢ 2ee P = £ a 
| Vv 4h? (t 5) tvaa 5) 
c. ¢ P 
4 re “— } and P( 2h 
Vv 4h?(t—) Vv 4h2(t—r) 


are plotted separately, the first being plotted positive upward from 
the axis and the second downward to permit the sum of the two 
integrals 


t dT Rs — “t dT t 
aT (a) P a. dy and dT(X) p = aa — \dd 
4 dr Vv 4h?(t—r) A dr Vv 4h?(t—A”) 


to be obtained by traversing the two curves with the planimeter in 
the clockwise direction in one operation. This may be illustrated by 
the curve for z = 3. The curve constructed from values of 


P(. Eo ah. ) 
Vv 4h?(t—r) 


lies above the axis and the curve constructed from values of 


—P/( &,-—-2 ) 
Vv 4h?(t—r) 


the values of 
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lies below. The tracing point of the planimeter is placed at the origin 
and moved up the line T(A) = 0 until the curve for z = 3 is reached. 
It is them moved along the curve for x = 3 to the top of the chart, 
thence directly to the bottom of the chart returning by the curve for 
x = 3 in the lower half and to the origin along the line T(A) = 0. 
The factor 4% shown in equatio” (10) has been omitted in the plotting 
and should therefore be incorp. ted in the scale factor used for re- 
ducing the planimeter readings. The scale factor is obtained by 
multiplying together the values assigned to units of length on the 
ordinates and abscissas of the graph. Thus in Fig. 2 if an ordinate 
increment of one inch represents the pure number 0.2 and one inch 
of abscissae represents a value of 10° F. one square inch of the diagram 
will represent 0.2 times 10 or 2° F. When the factor % is incor- 
porated the value of one square inch will be reduced to 1.0° F. Since 
the curve obtained from equation (10) is symmetrical about the point 


t= $i + & & “ed & 
9 


only values for x > - need be computed. The 


curves generally begin to repeat after a few plottings for equally 
spaced values of x have been made. It is for this reason that a part 
of the curves in the lower half of Fig. 2 bear two numbers. The 
arrows indicate the direction in which the curve should be traced. 
The results of the computation are shown on Fig. 3 and the method 
of imposing the boundary condition by use of the image is indicated. 

Curve 1, Fig. 3, represents the distribution in an infinite solid 
at the end of the first nine day period due to generation of heat in the 
first lift. Curve 2 which represents the actual distribution in the first 
lift at the end of nine days is obtained by the use of an image formed 
by rotating Curve 1 through 180 degrees about the line representing 
the top of the lift, followed by a second rotation of the same amount 
about the line representing zero temperature. The sum of the ordi- 
nates of Curve 1 and the image gives Curve 2. Curve 3, which 
represents the redistribution of heat from Curve 2 at the end of the 
second nine day period, is obtained by application of the methods 
described in Part 1. The curves for the points x = 0, 5, 10, 15 and 20 


are shown on Fig. 1. The vertical lines designate values of r(- ~) 
V4h7t 
for values of ( — x) equal to 0, 1, 2, 3, etc; plotted on the horizontal 
scale. Values of F(£) are obtained from Curve 2, Fig. 3. The curve 
for x = 5 is constructed as follows: The point § = x always falls at 
the center of the chart. Since and x are now measured from the top 
of the second lift, the point = 5 falls at the top of the first lift where 
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the temperature obtained from Curve 2 is zero. For & = 6 repre- 
senting a point one foot below the top of the first lift the temperature 
of 8.2° F. obtained from Curve 2 is plotted on the line for £— x = 1 
at the right of the origin. Temperatures for each additional foot of 
depth are plotted on succeeding lines until the right hand margin is 
reached. The points for — < x fall to the left of the origin and are 
plotted in similar fashion including the “image’’ temperatures which 
are obtained in this case by a double 180-degree rotation of Curve 
No. 2 about the origin in the manner previously described. For 
x = 5 the effect of the image is represented by the small negative 
loop at the extreme left of the chart. For « = 10, 15 and 20, the 
loop representing the effect of the image is too narrow to plot. As 
before, the factor 4% is to be included in the planimeter constant, 
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which is obtained in the manner previously described. The genera- 
tion of heat in the second lift during the nine day period will produce 
a temperature rise precisely similar to that given by Curve 2. Con- 
tinued generation of heat in the first lift will produce a temperature 


. ‘ ie mt 
gain represented by Curve 4 multiplied by the factor e 


e~ 0-016) (216) — ¢~3-45 — (). 032 as previously explained. 

The Curve 5 representing the temperature distribution at the end 
of the second nine day period is therefore obtained by superposing a 
curve similar to Curve 2, Curve 3, and Curve 4 multiplied by the 


—<mt 1. . - 
factor « '. The computation for the third lift would proceed 


similarly. It may be noted that the method tacitly assumes that 
the bedrock below the first lift has the same thermal properties as the 
concrete. This may not be the case and a small error may result. 
Its effect will, however, be rapidly lost with increasing distance from 
the base of the dam. 
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Measured and Computed Temperatures of Concrete 
at Norris Dam* 


By Dovaias McHeEnryt 
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APPROXIMATE solutions to the problem of predicting temperatures 
in the interior of massive concrete structures may be reached by 
methods derived from various idealized cases, and the one best suited 
to a particular condition will be determined by the accuracy required 
and by the nature of the imposed conditions which the solution must 
satisfy. In general, exact solutions which meet all of the requirements 
imposed in actual practice will be either too difficult to derive or too 
cumbersome to use, and the conditions must be simplified to an extent 
which brings the solution into the usable range. Thus, cases in which 
the direction of flow of heat is along curved lines will frequently eb 
reduced to approximately equivalent cases where the direction follows 
parallel straighc lines. This simplification will generally be reached 
by assuming that the structure extends to infinity in one or more 
directions. Since concrete is a moderately poor conductor of heat 
and is subjected to a rather small range of temperatures, it will usually 
be assumed that the effect of surface conductivity and the absorption 
of radiation are negligible, and that the thermal properties are constant 
at all temperatures. 


For studies which are purely comparative, the validity of the assump- 
tions is not particularly important; but if actual temperatures are 
required, it is necessary to know how much reliance may be placed 
upon the simplified methods. A few cases are presented in the follow- 
ing paragraphs in which computed temperatures are compared with 
temperatures actually existing in the interior of Norris Dam. The 
methods of computation will not be given in great detail, but the 


*Received by the Institute, Sept. 20, 1037 
tTennessee Valley Authority, Norris, Tenn. 
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Fig. 1—VERTICAL DISTRIBUTION OF TEMPERATURE THROUGH FOUR 
LIFTS. COMPUTATION BY SCHMIDT’S METHOD 


assumptions on which the methods are based will be stated in each 
case. 

The cement used at Norris Dam was a modified portland, having 
heating characteristics falling between those of the normal and the 
low-heat portlands. The diffusivity, 0.055 ft.? per hr., was somewhat 
higher than the average value for concrete. 

In a structure which is built by placing the concrete in successive 
lifts, the temperature may be controlled by specifying the thickness of 
the lifts and the time interval between lifts. The computation for 
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this case is particularly important, for the method of control may be 
used to best advantage by determining the most economical combina- 
tion of life thickness and exposure period which will give the desired 
temperature conditions. Fig. 1 shows the vertical distribution of 
temperature through four 5-foot lifts at a considerable distance above 
the foundation. Temperatures were measured at one-foot intervals 
through the thickness of one lift, and since the placing schedule and 
the outside temperatures were reasonably uniform, these tempera- 
tures could be applied with fair accuracy to the lifts immediately 
above or below the one investigated. The discontinuities in the curves 
of measured temperature are due to variations in these factors. The 
resistance thermometers were located 95 feet above the foundation, 
54 feet from the upstream and downstream faces, and 28 feet from 
the sides of the two adjoining blocks which had been poured previously. 
Under these conditions it was assumed that the top surfaces of the 
lifts extended to infinity, that is, that heat was dissipated only from 
the one surface. To limit the vertical distance which had to be con- 
sidered, it was assumed that the first of the four lifts was placed on an 
insulating surface across which no heat transfer was permitted. No 
account was taken of radiation, surface conductivity or variation in 
the outside temperature. The computation was made by an adapta- 
tion of the step-by-step method developed in Germany by E. Schmidt,! 
using time intervals of 2 hours for the first 18 hours after placing each 
lift, and of 9 hours thereafter. 

The curve which represents the generation of heat due to hydration 
of cement may be represented closely by one or more curves whose 
equations are 

ee ee Oe se ass ct ns cenasans deen ex ae (1) 
where (QQ; = amount of heat generated to any time t 

Q = ultimate heat of hydration 

r = a constant 

If Q and r are known, the amount of heat which will be dissipated 
from the surface of a mass of concrete may be computed for certain 
assumed conditions. If it is assumed that the surface is of infinite 
extent, and that the mass is of infinite depth and is generating heat 
at the same rate throughout, then* 
orl Flee oe (2) 

NarJ. N 


II 


Where gq = heat lost per unit of surface area 
p = density 


1This method, which was published in A. Féppel’s Festschrift, 1924,is described in Industrial Heat 
Transfer by Schack. 


*This equation was developed by engineers of the U. 8S. Bureau of Reclamation. 
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h? = diffusion constant 
t = time 
The equation is considered accurate for the case of successive lifts as 
long as d*/h?t > 2 where d is the thickness of the lifts. 
For the above case of a 5-foot lift, the computed loss was compared 
with the actual loss as determined by the measured temperature rise 
combined with the known adiabatic rise. 


HEAT LOSS FROM EXPOSED SURFACE OF FIVE-FOOT LIFT 


Computed Loss Measured Loss 
Exposure 
Days B.T.U. per Sq. Ft. &% of Total B.T.U. per Sq. Ft % of Total 
1 1119 12.7 1048 11.9 
2 1952 22.1 1969 22.3 
3 2617 29°6 2787 31.5 


The temperature distribution through the lift, or the mean tempera- 
ture of the lift at any time before covering may also be computed on 
the assumption that the upper and lower surfaces of the lift are of 
infinite extent and that no heat is transferred across the lower surface. 
The equations, derived by Fourier’s method, are 


9 


rl n>h? = t 
4d? 
4r¢ e e | 
Fe = woh (3)* 
TC ‘inh tT Od 
1,3,5,--- neh? : nr 
4d? 
4d? 
Sr e —— 
oe re bes (4) 
‘i ‘aa ot nih — nr 
a2 


Where © = temperature rise at depth x 

0, = mean temperature rise 

d = thickness of the lift 

c = specific heat 
During the early period, some heat will be transferred downward 
into the lower lift, but since this heat is retained in the structure this 
transfer may be neglected for some purposes. Fig. 2 shows a compari- 
son of temperatures conputed on this basis with those measured in the 
structure. For the case of a five-foot lift, the mean temperatures 
determined by equations (2) and (4) coincide within practical limits 
up to about 5 days and then diverge. 


*Equations (3), (4), and (5) are solutions of the differential equation. 
é 2 
1 dQt a See h? ao 


oe! a 


c dt ot Ox? 
The derivation of these equations has been filed with the Institute. 
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Fig. 2—VERTICAL DISTRIBUTION OF TEMPERATURE THROUGH ONE 
LIFT. COMPUTATION BY FOURIER’S SERIES 


The complete temperature history of points in the interior of large 
dams may sometimes be predicted by assuming that during the period 
of exposure of a lift heat is dissipated only from the top surface, and 
that after covering the lift heat flows only toward the upstream and 
downstream faces. Obviously, this method will not be satisfactory 
unless the schedule of placing the lifts is reasonably uniform and unless 
the adjoining blocks are carried up almost simultaneously with the 
block being considered. The following method was used at Norris 
Dam: 

First, the mean temperature of the lift at the time of covering was 
computed by equations (2) or (4). 

Second, the distribution of temperature between the upstream and 
downstream faces at any time, assuming a constant external tempera- 
ture, was computed by 


= —rt n2h?™{ n2he™ t 


t . rQ) é anne Gl e a : 
Oo = 4 : 4+. Q, sin n-x (5) 
T Cc _ n l 


3},2 . 
‘te nh - n 
where (Q, = heat remaining after covering (Q; = Q . e-*) 
1 = distance between faces measured along 2 intersecting 
lines of equal length normal to the faces 








1937 


Nov.-Dec. 


JOURNAL OF THE AMERICAN ConcrETE INSTITUTE 


122 


GUYOLVUAdNaAL AGISLAO 


LNVLSNOO 


YOd Saye 


iS 8S uYqTMood 


(ft 


{ NOLLVLOAdWOO 

































































“MOOTH ADUVI V AO YOIMALNI AHL NI LNIOd V JO AUOLSIH GYALVaadNA T—e “DIY 
09 
' 
' 
— ' 
ee) HOd 
ee ae ee a oa ORNS YIN 
— ~s. OFLNAWOD 
' 
108 
' 
! 
' 
4406 
Pi 
1 1 1 1 1 - 00/ 
CeKEdREAG Q >&RLEAEARER SkERKEE rR 
SSPE RISERS Rese mER SS ees m 
aed ad y v 
RREVWIZ GS = YESEFRIIFSTISSLCV YS ES RIS G 
2E6/ 9€6/ $€6/ 


JSo-INLVAFIASWIL FILIAYINOD 











Measured and Computed Temperatures—Norris Dam 123 


x = distance from nearest face measured along a component 
of c 


0, = mean temperature of the lift at time of covering ex- 

pressed as degrees above the mean annual temperature 

6 will be given as the number of degrees above the mean annual 
temperature. 

Third, the effect of variation of the outside temperature was super- 
posed. Suitable methods for this computation are readily available 
in works on heat transfer. 

The check against measured temperatures is considered particularly 
important in this case, due to the large number of assumptions involved. 
The comparison furnishes a check upon the heat loss from the surface 
of a lift, upon heat loss from the sides of a triangular section computed 
by equations developed for slabs having parallel faces, and upon the 
penetration of a variable outside temperature. 

Fig. 3 shows the temperature history of a point 44 feet above the 
foundation, 46 feet from the upstream and downstream faces, and 28 
feet from the sides of the block. The computed curve does not include 
the effect of the variable air temperature. The lift for which the com- 
putation was made was exposed for 2.6 days, and the average exposure 
time for 3 lifts above and 3 lifts below it was 4.1 days; so the compu- 
tation was made for the two cases under the assumption that the heat 
would flow to equalize the temperature. The two adjoining blocks 
were poured about 10 days and 40 days ahead of the one investigated. 

Data are not available to check the computed distribution of tem- 
perature in the downstream half of the block, since temperatures were 
measured along horizontal lines and the computation gives the distri- 
bution along a line normal to the face. Fig. 4 gives the measured 
and computed distribution through the upstream half of the block. 
The computed values for a constant outside temperature were obtained 
by Eq. (5) and the penetration of the variable outside temperature 
was determined by Schmidt’s method, using 10-day average tempera- 
tures. 

In general, the computations described above are considered as 
representing actual temperatures with sufficient accuracy for many 
purposes; most of the discrepancies can be accounted for, and could 
doubtless be eliminated, if required, by increasing the complexity of 
the assumed conditions. It is important to note, however, that the 
comparisons have been made for selected cases in which the assumed 
conditions are approached about as closely as may be expected in 
actual practice. It appears that if the computer exercises reasonable 
discretion in choosing the assumptions on which to base his methods, 
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he may expect satisfactory agreement between predicted and actual 
temperatures. Some of the methods used in the present study are 
rather laborious, and simplified methods of the requisite accuracy are 
needed. Also, a need is indicated for a reasonably simple method of 
handling cases in which heat is dissipated from two or more non- 
parallel faces. 

The temperature studies and other experimental work at Norris 
Dam were conducted under the supervision of Barton M. Jones, Chief 
Designing Engineer for the Tennessee Valley Authority. 


Discussion of the foregoing paper will be welcome if re ceived in tri- 
plicate by the Secretary of the Institute by February 1, 1938. For 
such discussion as may develop readers are referred to the JOURNAL 
for March-April 1938. 
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Classification of Admixtures as to Pozzolanic Effect by 
Means of Compressive Strength of Concrete* 


By F. R. McMrLuan anno T. C. Powerst 


MEMBERS AMERICAN CONCRETE INSTITUTE 


IN a paper published in 1934* the authors presented the results of 
a study of admixtures from the standpoint of the requirements for 
producing concrete of given strength and workability. The data 
were presented in such form as to simplify that particular approach 
to the study of admixtures. In that form the data are also useful in 
studying other points of interest in the use of admixtures, but this 
requires interpolation, and the various relationships are not so readily 
followed. In order to simplify the study of the effect of different 
quantities of admixture on the compressive strength of conerete of 
a fixed cement content, the present paper has been prepared, using 
the same original data. In this newer form the data provide a ready 
basis for classifying admixtures with respect to pozzolanic effect 
through the change in compressive strength. Except for the strengths 
at 6 mo. for the precipitator ash, the paper contains no new data. 
The reader is referred to the earlier paper for a general discussion of 
the functions of admixtures and the methods followed in designing 
the mixes used in the tests. 


In studying this paper, it should be kept in mind that strength 
cannot be taken as the sole criterion for judging the value of an 
admixture. There must be considered also the influence of each 
material on all of the desirable properties of the concrete, and the 
cost of using the material. 


*Received by tne Institute Aug. 26, 1937, as a supplement to the paper ‘A Method of Evaluating 
Admixtures,"’ Journat Am. Concrete Inst., Mar.-Apr., 1934; Proceedings Vol. 30, p. 325 

(Director of Research and Assistant to the Director of Research, respectively, Portland Cement 
Association, Chicago 
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CONCRETES OF FIXED CEMENT CONTENT 


Fic. 1 to 5 show the compressive strengths at 7 and 28 days and 
at 6 mo. of moist-cured concretes containing a fixed quantity of port- 
land cement and varying amounts of admixture. The mixtures for 
which results are shown are mostly 4, 414, 5 and 6 sacks of cement 
per cu. yd. Twelve admixtures are included. In studying these 
curves it must be kept clearly in mind that the conditions represented 
are not the same as obtained by adding an admixture in successive 
amounts to a given mix. The curves represent interpolated values 
for concretes of a fixed cement content per unit volume of concrete 
but of varying admixture content as indicated by the seale of ab- 
scissas. From curves constructed in this manner it is possible to 
compare directly the strength or workability of concretes containing 
a fixed amount of cement and any quantity of the different admixtures 
within the practical range for each. In the opinion of the authors 
such a comparison is a legitimate one, whereas a comparison made 
on the basis of adding various amounts of different admixtures to a 
concrete of a fixed mix may be misleading, as it ignores changes in 
the cement content brought about by the additions. Only by keep- 
ing constant the cement content of the finished concrete can the 
effect of the admixture be separated entirely from the effect of the 
cement. 


As in the diagrams presented in the former paper, the broken lines 
in Fig. 1 to 5 represent mixes having a given degree of workability 
as measured by the remolding test and the composition of the mix*. 
For example, the mixes represented by points on the broken line 
marked ‘“‘A”’ have a workability corresponding to that of a plain con- 
crete containing 608 lb. cement per cu. yd., and enough water to give 
a remolding effort of 35 jigs. Those points on the lines “B’’ and 
“C” have workabilities corresponding with base mixes having, res- 
pectively, 500 and 420 lb. cement per cu. yd. and a remolding effort 
of 35 jigs. Degrees of workability intermediate between these may 
be estimated by interpolation between lines “A”, “B”’, and “CO”. 


From these curves as well as from those formerly presented, the 
following general conclusions applying to these materials can be 
stated: 


(1) The effectiveness of an admixture varies with the richness of 
the mix, with the quantity and kind of admixture used, and in most 
instances with the age at test. 


*Ibid.—p. 333. Paragraph on Factors Common to Mixes of Equal Workability 
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Broken lines connect points representing mixes of equal workability. 
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Fig. 3—EFFEcT OF ADMIXTURES ON COMPRESSIVE STRENGTH AT 
CONSTANT CEMENT CONTENT 


Broken lines connect points representing mixes of equal workability. 
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Fic. 4a (above)}—EFFEcT OF PRECIPITATOR ASH LOT NO. 11893 
(COLLOY) ON COMPRESSIVE STRENGTH OF CONCRETES OF DIFFERENT 
CEMENT CONTENT 


Fic. 4B (below)—EFFECT OF PRECIPITATOR ASH LOT NO. 11897 ON coM- 
PRESSIVE STRENGTH OF CONCRETES OF DIFFERENT CEMENT CONTENT 
Broken lines connect points representing mixes of equal workability. 
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Fic. 6 (below)—AGE-sTRENGTH RELATIONSHIPS FOR CONCRETES MADE 
WITH AND WITHOUT ADMIXTURES 


(2) For coneretes of equal workability, those without admixtures 
were in all cases the strongest (one exception). 


METHOD OF ANALYZING DATA 

It should be pointed out that the graphs shown do not represent 
experimental values directly. They are the result of a series of inter- 
polations so devised as to eliminate non-comparable features of the 
original data. It would be more convenient, of course, merely to 
compare the strengths obtained from mixes containing admixture 
with those from the plain mixes. Such a procedure, however, often 
leads to inaccurate conclusions, for the mixes so compared seldom 
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correspond exactly as to cement content, and almost never as to 
workability. As a matter of fact, it is usually impossible to make a 
plain and an admixture concrete correspond exactly in both respects, 
but it is possible to choose mixes that are comparable with respect 
to one or the other. The method of analysis used in this study is 
given in the Appendix. 

POZZOLANIC ACTION 

Perhaps the point of greatest interest at the present time to be 
found in the data shown in Fig. 1 to 5 is the evidence which they 
provide of pozzolanic action. Before presenting this evidence, how- 
ever, it will be desirable to discuss some of the general aspects of pozzo- 
lanas. In the former paper it was pointed out that admixtures may 
be effective in one or more of three possible ways: 

(1) They may improve the texture of the concrete mix,—a physical 
effect. 

(2) They may have cementitious properties of their own. 

(3) They may be pozzolanic. 

Also in that paper, the definition was accepted that pozzolanas are 
those materials which are not cementitious by themselves, but which 
have the ability to combine with calcium hydroxide liberated in the 
cement to form cementitious products. Generally it has been found 
that when such a reaction takes place it may, under favorable con- 
ditions, be manifested by a change in hardness or strength of the 
mortar or concrete in which it occurs. 

From the foregoing definition of a pozzolana, it would appear that 
a proper measure of pozzolanic value would be a chemical one. Such 
a concept has been widely held. But, as far as the use of such material 
in concrete is concerned, not only the chemical effect but also the 
physical effect must be considered. For example, precipitated silica, 
a product composed almost entirely of silica in the active state, proved 
to be of little or no value as an admixture in concrete, though it 
exhibited pronounced activity in combining with calcium hydroxide. 
This is because its physical characteristics are such that when enough 
of it is used in concrete to combine with a considerable portion of the 
calcium hydroxide produced during hardening, additional water must 
be used in order to keep the mixture workable. In this instance, the 
silica has such enormous specific surface that even though it is very 
active chemically, the damage done by the added water, through its 
effect in increasing the porosity of the cementing paste, more than 
offsets the beneficial effects of such activity. Thus, it is clear that to 
determine a pozzolana’s usefulness in concrete, more than its chemical 
activity must be known; it is necessary to know also how much of 
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it can be included in a mixture without materially increasing the 
water content of the concrete. 


STRENGTH AS AN INDEX TO POZZOLANIC ACTION 


From the foregoing it is logical to expect that even though pozzolanic 
action in concrete generally tends to increase the compressive strength, 
this tendency may be more or less nullified by an increase in water 
content. Thus it is possible, with the addition of a material of definite 
pozzolanic effect, to have either a loss or no gain in strength at a 
particular age as compared with the original mix. On the other hand, 
there may be a gain in strength with no pozzolanic action, as when 
cementitious materials are used or when there is a sufficiently bene- 
ficial physical effect. Compressive strength data, therefore, such as 
are presented in the diagrams do not indicate directly the existence 
of pozzolanic action. However, if the nature of the age-strength 
relationship is also taken into account, pozzolanie action if present 
may be detected. If an admixture known not to have hydraulic 
properties of its own causes a steady increase in the rate of hardening 
over that of comparable concrete made without an admixture, it 
may be said to have exhibited pozzolanic action. Any beneficial 
effect due to physical changes is believed not to increase with age. 


To illustrate the difference between the purely physical effect of 
an admixture and that where pozzolanic action is present, Fig. 6 
has been prepared. This shows the age-strength relationship for 
three concretes having the same 7-day strength. One of these was 
made with four sacks cement and 60 lb. hydrated lime, an admixture 
which by its chemical nature cannot be pozzolanic. The second 
concrete was made with 4 sacks cement and enough California pumi- 
cite (100 lb.) to give the same 7-day strength. Neither one of these 
admixtures is of itself cementitious. The third concrete was the plain 
mix of 4.4 sacks cement per cu. yd. having the same 7-day strength 
as the first two. In addition there is shown the age-strength curve 
for a plain mix having 4 sacks of cement per cu. yd. The difference 
in behavior of the two concretes containing the admixture illustrates 
the point in question. The one containing California pumicite gained 
steadily in strength relative to the plain mix of equal 7-day strength, 
while the one containing the hydrated lime showed the same strength 
as the plain mix up to about 28 days, but thereafter gained strength 
more slowly than the plain mix. The 7-day period has been taken 
as a basis for this comparison because it was the earliest age for which 
data were available. In this particular instance it is not believed that 
any difference would have resulted had earlier strength records been 
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available, for direct tests with California pumicite have shown that 
at room temperature there is no measurable chemical reaction with 
calcium hydroxide up to 7 days. 


It should be pointed out that the mixes shown in Fig. 6 were selected 
for strength comparisons only; they are not comparable with respect 
to workability. The only intention of the comparison is to show how 
pozzolaniec action is revealed by the character of the age-strength 
curves. That the comparison would not be affected by difference 
in workability can be seen from the fact that the curves showing the 
age-strength relation for the two plain mixes having 4.0 and 4.4 sacks 
per cu. yd. are similar in trend. 


The age-strength relationships, such as shown in Fig. 6, were 


obtained from Fig. 1 to 5 for 4- and 5-sack mixes, and examined for 


evidence of the presence or absence of pozzolanic effect from the 
various admixtures. The results are presented in tabular form in 
Table 1. By reading the column headings from left to right the table 
becomes self-explanatory. The quantities of admixtures represented 
by the data shown in Table 1 are approximately those which gave the 
maximum effect with the concrete containing 4 sacks cement, or in 
some instances the maximum quantity included in the tests. For 
four of the admixtures, two quantities each are represented. In all 
cases the plain concrete used for comparison is that having the same 
7-day strength as the concrete with admixture. The quantities of 
cement for these mixes are shown in the table. As above, the differ- 
ences in workability are not considered in these comparisons. 


Of all the materials tested only three—California pumicite and 
precipitator ash from two sources—showed a marked increase in 
strength after 7 days, as compared with the plain mix. These are 
arranged in Group 1 in the upper part of the table and are referred 
to as those showing definite pozzolanic action. The other materials 
which showed little or no increase in strength are classed as materials 
having little or no pozzolanie action. 

Until the time of this study, the authors had been inclined to share 
what seems to be a general impression that mixes made with many 
of the admixtures appear to better advantage when compared with 
plain mixes at later ages. It was therefore something of a surprise 
to find the results shown in the table. It was particularly surprising 
to find that the blast-furnace slag falls in the second group. Such 
effect as it has appears to be more like that of hydraulic lime, which 
is definitely not pozzolanic but is by itself cementitious. Direct tests, 
however, show that it can combine with a small proportion of lime. 
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TABLE | COMPARISON OF MIXES CONTAINING ADMIXTURES WITH PLAIN MIXTURES 
HAVING THE SAME 7-DAY STRENGTH 


Based on concrete moist cured entire time 


4-Sack Concrete 5-Sack Concrete 
Admixture Compressive Compressive 
I press 
Name of Admixture lb. per See Strength See Strength 
cu. yd, Note lb. per sq. in Note lb. per sq. in 
7d 28d 6mo 7d 28d 6mo 
Group 1—Pozzolanie Action after 7 Days 
Ppt. Ash 11893 100 2450 1250 6700 5400 5350 7800 
Plain Mix 0 4.65 | 2450 1000 5400 | 5.55 3400 5050 | 6900 
Ppt. Ash 11893" 200 2800 5000 7500 3500 5750 8350 
Plain Mix 0 5.10) 2800 $400 6050 5.65 | 3500 5150 | 7000 
Ppt Ash 11897 100 2200 3900 6000 3200 5050 7200 
Plain Mix 0 1. 40 2200 3650 5000 5.35 3200 1850 6600 
Ppt. Ash 11897* 200 2250 $100 6600 3100 5000 7400 
Plain Mix 0 1.50 | 2250 | 3700 5100 | 5.25 3100 41750 | 6450 
Calif. Pumicite 100 1700 2050 1900 2500 1000 6100 
Plain Mix 0 1.35 1700 | 2750 1050 | 5.10 | 2500 | 3800 | 5300 
Group 2—Little or No Pozzolanic Action after 7 Days 
Magnolia Cement 100 2200 | 3600 5050 3050 $550 6000 
Plain Mix 0 4.85 | 2200 5400 $850 | 5.70 | 3050 $450 6050 
Magnolia Cement 200 2700 | 4300 | 5450 
Plain Mix 0 5.30 | 2700 1050 5600 
Hydraulic Lime 100 2000 | 3100 1600 2000 $150 5900 
Plain Mix 0 4.65 | 2000 | 3200 1600 5.55 | 2900 1300 |) 5900 
Tripoli Silica 100 1800 | 3000 1400 2700 $000 | 5900 
Plain Mix | 0 t.45 1SO0 2900 $250 5.30 2700 1050 5900 
Blast Furn. Slag 100 1900 |) 2900 $150 2R00 1000 5600 
Plain Mix 0 1.55 1900 3050 1450 5.40 2800 $150 5750 
Blast Furn. Slag 200 2050 | 3200 1500 
Plain Mix 0 1.70 | 2050 | 3200 1650 
Diatomaceous irtl 5 1750 | 2050 1100 2500 3050 5300 
Plain Mix 0 1.40 1750 | 2750 £100 5.10 | 2500 3800 ) 5350 
Kansas Pumicite SO 1500 2450 3900 2300 3500 5000 
Plain Mix 0 1.20 1500 2450 3750 t.90 2300 3550 5050 
Hydrated Lime 60 1800 | 2750 3750 2650 | 3700 | 5400 
Plain Mix 0 1.45 1800 2000 1250 5.25 2650 1000 5850 
Crystalline Tal } 60 1600 2650 3600 2350 3600 1950 
Plain Mix 0 1.25 1600 =2600 | 3900 t.90 | 2350 | 3600 | 5100 
Bentonite 2 1350 | 2300 | 3550 2150 | 3400 4900 
Plain Mix 0 1.05 | 1350 | 2150 | 3300 | 4.75 | 2150 | 3350 | 4650 
Nore—The figures in this column indicate the sacks of cement per cubic yard in the plain mix hav- 


ing equal 7-day strengths 
*The precipitator ash was used with a different lot of cement, testing in a 4-sack mix about 450 Ib 
higher at 7 days, and 800 Ib. higher at 60 mo , than that used with the 


other materials shown in the 
table 


Diatomaceous earth, which shows high activity in direct tests is 
found, paradoxically, in the second group. It may be that virtually 
all pozzolanie action was completed in the first 7 days, or that the 
quantities of admixture present were too small to have an appreciable 
pozzolanie effect. Chemical tests indicate that even though the 
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activity is relatively high, these small amounts of diatomaceous earth 
are insufficient to unite with any considerable portion of the calcium 
hydroxide liberated during the hardening of portland cement. The 
use of larger quantities of this admixture is undesirable except in the 
case of very lean mixes, because of the extra water that must be 
added to maintain workability. 


It is recognized that pozzolanie properties might be ascribed mis- 
takenly to a cementitious admixture from an analysis of strength 
data, such as set forth above. For this to happen, the admixture 
would have to be one which showed a higher rate of gain in strength 
than portland cement itself during later periods. Such a probability 
is rather remote, but it is mentioned here merely to bring out one of 
the limitations of this method of classification. 


APPENDIX—METHOD OF ANALYZING DATA 


For purposes of illustration, the data pertaining to hydraulic lime have been 
chosen. The original data are given in Table 2. In the upper part of this table are 
found four plain mixes. In the lower half of the table are mixes containing hydraulic 
lime, the first four of which, reference No. 78X, 79, 80, and 80X, are comparable in 
workability with the first straight portland cement mix, reference No. 57, called 
base mix A. The next three, reference No. 81, 82 and 82X, are comparable with 
plain mix No. 58 (base mix B) and the last two mixes, 83 and 83X, are comparable 
with mix No. 59 (base mix C). No. 60 is a mix leaner than the three preceding plain 
mixes and is added to establish more definitely the strength-cement content curve 
for plain mixes. Examination of the values in the 9th or 10th column will show 
that none of the plain mixtures has exactly the same cement content as any mix 
containing hydraulic lime; it is therefore improper to compare directly the strength 
values in the lower half with those in the upper half of the table. 


To eliminate these differences in cement content, the first step is the construction 
of the curves shown in Fig. 7, which give the relationships between streng’h and 
portland cement content. The three diagrams represent groupings accordiug to 
degree of workability, as indicated. On an auxiliary scale of abscissas the quantities 
of admixture are given. It will be noted that the cement and admixture contents 
change simultaneously so that if interpolations are to be made on the cement scale, 
corresponding interpolations must be made on the admixture scale. This is possible 
because the mixes were so designed that the quantities of admixture (with one ex- 
ception) stood in orderly relationship to the quantities of cement, as shown in Fig. 8. 


With curves of Fig. 7 and 8 thus established, it is possible to construct the curves 
shown in Fig. 5 by entering the respective diagrams at the desired cement content 
and reading the corresponding strengths and admixture contents. For example, 
the curve for the 4-sack mixture in the upper left-hand diagram of Fig. 5 can be 
established as follows: Enter the left-hand diagram of Fig. 7 at 4 sacks per cu. yd. 
and pick off the strength at 7 days, 2300 lb. Enter Fig. 8 at the same cement content 
and note the admixture content indicated by the top line, 165 lb. per cu. yd. Repeat 
the process, using the middle and right-hand diagrams of Fig. 7 and the corresponding 
lines on Fig. 8. This gives sets of coordinates, as follows: 
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In each diagram all of the mixes have workabilities comparable with the basic 


plain mix. 


bility in leaner mixes is shown on the lower scale below the diagrams. 
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There remains to be established only the strength of the plain mix of 4 sacks per cu. 
yd. This, as can be seen from Fig. 9 which is plotted from the plain mixes given in 
Table 2, is 1300 lb. per sq. in. The coordinates to be added to the above list are thus 
0, 1300. These four sets of values then establish the above designated curve as 
plotted in Fig. 5. 

The location of the broken lines shown in Fig. 5 and in the other similar diagrams 
is based upon the theory presented earlier* that, for practical purposes, two mixes 
may be considered to have comparable workability when they are identical with 
respect to the following factors: 

1. Gradation of aggregate 

Zz Mobility or consistency of the mix, In this case as measured by the remolding 
test. 

3. Volume of paste. 

1. Consistency of paste. 

In the particular data under consideration, selection of mixes comparable as to 
these factors was relatively CAS), because the mixes were originally designed with 
these criteria in mind. The mixes pointed out above as being comparable with respect 
to workability are those which agree rather precisely with respect to the first three 
of the above items. The fourth item, that dealing with the consisteney of the paste, 
is somewhat difficult to establish, but measurements indicate that the variations 
in consistency of the paste in the different mixes compared are relatively small. 

In Fig. 8, each diagonal line represents the various combinations of cement and 
admixture which, together with the necessary water, would give the same paste 


content as the basic plain mix indicated at the lower end of each line. It follows, 
therefore, that the points used in establishing the solid lines in Fig. 5, also serve for 
the broken lines. For a fuller discussion of this subject see the original admixture 
paper. | 


In current tests of admixtures, if a complete investigation is desired the scope of 
the data is made somewhat greater than indicated in diagrams like Fig. 5. An 
example of this is given in Fig. 4A and 4B covering precipitator ash. In other groups 
of current tests in which a complete investigation of a material is not desired, a 
series of mixes is established by means of preliminary trial mixes in which the cement 
content is constant within a small tolerance but in which the admixture content 
varies throughout the desired range. The results of such tests give directly a curve 
like the solid curves shown in Fig. 5 or the other similar diagrams. 

*F. R. MeMillan and T. C. Powers; Ibid. and Studies of Workability of Concrete, by T. C. Powers; 


Journan Am. Conerete Inst., Feb. 1932, Proceed V. 28, p. 419 
tr. R. MeMillan and T. C. Powers; Ibid 


Discussion of the foreqoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by Fe bruary 1, 19388. For 
such discussion as may deve lop readers are referred to the JOURNAL 


for Varch- 1 pril 1938. 
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Discussion of Paper by McMillan and Powers: 


Classification of Admixtures as to Pozzolanic Effect 
by Means of Compressive Strength of Concrete* 


C,. P. DeRLETHT 


THE method used by McMillan and Powers in evaluating puzzo- 
lanic activity by comparisons of the age-strength relationship of 
unblended and blended cement concretes is logical and coincides 
with the views of Davis, Carlson and other American and European 
authorities. Any such evaluations based on relative strengths at 
arly ages undoubtedly would be erroneous for reason that a material 
under test may have inherent cementitious value which would con- 
tribute to early strength whereas true puzzolans, lacking capacity of 
yielding early strengths, are recognized of value in contributing to 
the slow and long continued gain in strength, often after comparable 
unblended cement has begun to retrogress in strength, perhaps, the 
result of weathering, chemical disintegration or volume changes. 

Nomenclature in the power industry uses the term “fly ash” as 
descriptive of the ash resulting from the combustion of pulverized 
coal. Raymond E. Davis, Roy W. Carlson et al. in their paper** 
correctly use this term. McMillan and Powers describe such material 
as “precipitator ash’’, probably to indicate the method used for its 
collection. Those commercially marketing fly ash properly designate 
that material as fly ash. The term ‘“‘precipitator ash” is indefinite 
in respect that it also describes the ash resulting from the combustion 
of dried and pulverized sludge from sewage which is collected by 
electrostatic precipitation. This term has also been applied to the 


*JoURNAL, Amer. Concrete Inst., Nov.-Dec., 1937; Proceedings Vol. 34, p. 129. 
tPresident, Colloy Products Co., St. Louis, Mo 


**Properties of Cements and Concretes Containing Fly Ash,’’ Journaut Amer. Concrete Inst., 
May-June, 1937, Proceedings Vol. 33, p. 577. 
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precipitated ash from sintering, smelting and other metalurgical 
furnaces, materials which differ in important respects from “fly ash’’ 
the by-product of the combustion of pulverized coal, which the authors 
used in their investigation. Carl A. Menzel* also of the Research Staff 
of the Portland Cement Association adopted the term ‘“‘flue ash” in 
reporting the results of tests in which Colloy fly ash was used. In the 
interests of clarity and conformity to usual practice it is suggested 
that, in the future, such material be designated as “fly ash’, if only 
for reason that, in the past, there have been instances of unsuccessful 
experimentation with sundry materials described as precipitator ash. 


The statement is made that the data in the author’s recent paper 
is based on tests made and reported in their earlier papert. In table 
3 therein, the “Indices of Relative Worth on Basis of 28 day strengths 
for Admixtures used in Combinations Indicated’? were published 
and have since been widely publicized in Bulletin ST 24, Structural 
Bureau Portland Cement Association of June, 1937 also earlier editions 
and since all necessary results are now available and were available 
date of the authors’ closure of their 1934 paper, it would be of con- 
siderable interest to this commentator and others to see published in 
the closure of the recent paper the “Indices of Relative Worth of 
Admixtures Tested in Combinations Indicated on Basis of 6 Month 
Strengths.” This information would be of interest in consideration 
of the costs for the use of cement with puzzolan or other type materials 
in comparison with costs for the exclusive use of portland cement, 
the desirability of such comparisons having been stressed by the 
authors. In such instances where strengths at early ages may be 
sacrificed in favor of securing greater ultimate strengths, this suggested 
evaluation would be of particular interest and a contribution to the 
literature on concrete technology. 


In the design of the mixtures, tested, various pastes supposedly 
of the same consistencies were used. The Powers Remolding Appar- 
atus was also used. The use of such arbitrary methods apparently 
resulted in finding “Indices of Value on Workability Basis’’, in general 
trend to be proportional to the additional water requirements or the 
absorption capacity of the admixtures. Although not stated, Colloy 
fly ash was one of the few materials tested which, incident to its 
sensible use, requires no additional mixing water and has the lowest 
“water factor’ of the materials tested. These characteristics in 
conjunction with the methods of determining workability, may account 


*"Strength and Volume Change of Steam-Cured Portland Cement Mortar and Concrete,"’ JounNaL 
Amer. Concrete Inst., Nov.-Dec. 1035, Proceedings, Vol. 31, p. 125. 

tA Method of Evaluating Admixtures,” Journat of the Amer. Concrete Inst., March-April, 1934, 
Proceedings Vol. 30, p. 325. 
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for the illogical Indices of 1.0 found for Colloy fly ash and 1.11 for 
the fly ash lot No. 11,897. 

It cannot be controverted that the Colloy fly ash tested had (1) 
a specific surface (fineness) far exceeding that of average portland 
cement. (2) It yielded an absolute volume approximating 125 per 
cent that of an equal weight of portland cement. (3) Its particles 
were predominately spheroidal in shape. Accordingly, when fly ash 
was or is used as a partial replacement by weight for cement, these 
characteristics result in effects on workability comparable to those 
had (1) from the use of finer ground cement, (2) from a somewhat 
richer mix and (3) impart lubrication or a “ball bearing effect” in reduc- 
ing internal friction between aggregate interfaces, not to be accom- 
plished by like replacement of the spheroidal fly ash by an equal 
weight of angular, abrasive and coarser cement particles. 

In further substantiation, it is well known that, within the range of 
plastic mixtures of concrete, a reduction in the amount of mixing water 
is accompanied by a reduction in workability, as indicated by reduced 
slump and flow, increase in jigs required for remolding in the Power’s 
apparatus, increase in impacts for rod penetration or other means 
devised. Cement-water paste is generally regarded as the workability 
medium in Portland cement concrete. Other conditions unchanged, 
a reduction in paste volume also reduces workability. An equal volume 
of paste made of cement with reasonable proportion of Colloy fly ash 
as replacement and containing an equal weight of the blend will 
contain less water than the corresponding straight cement-water 
paste for reason that the fly ash has a considerably lower Sp. Gr. than 
has ordinary cement. Aggregate conditions remaining unchanged, 
such equal volume of the blended paste, notwithstanding that it 
contains less water, will produce concrete of greater workability as 
indicated by flow or slump. That water, known to increase workability, 
can be reduced substantially when reasonable weights of the usual 
cement are replaced with fly ash are substantiated by the following 
tabulated test results, conclusive that fly ash materials of suitable 
grade are considerably more effective as workability media than is 
average portland cement. 

Hundreds of field experiences also have confirmed that, pound for 
pound, fly ash is more effective as a workability medium than is 
portland cement. This commentator does not question the author’s 
interpretations of their strength or workability determinations as 
reported. There is no criticism whatsoever of their strength findings. 
The lack of certainty of the methods used for the establishment of 
indices of relative values of the fly ashes and cement are justifiably 
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From Table 3, 1:5.6 Concretes, 
6.4 sacks cement or blend 
per cu. yd. 


From Table 10, 1:5.6 Con- 
cretes, 6.4 sacks cement or 
blend per cu. yd. 


TESTING ORGANIZATION 


Pittsburgh Testing Lab., 
St. Louis, Missouri 
Municipal Laboratory, 
St. Louis, Missouri 








St. Louis Testing Lab., 
St. Louis, Missouri 


brought to attention 


Source of and Per Cent 
| fly ash as replace- 
ment by weight 


None 

10% Chicago 
20% Chicago 
30% Chicago 
20% Cleveland 


None 

30% Chicago 
50% Chicago 
30% Cleveland 
50% Cleveland 


Sacks Lb. 
cement Colloy 
cu. yd. fly ash 
6 0 
5 100 
6 0 
5 94 
4 188 
5 15 
4 100 
4.25 0 
3.25 94 


at this time. 
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w-c 
Flow by 
weight 
60% 0.43 
60% 0.41 
60% 0.40 
60% 0.40 
60% 0.42 
60% 0.44 
60% 0.41 
60% 0.39 
60% 0.41 
60% 0.42 
Slump 
_ in cu. yd. 
inches 
1.75-2.5 
1.75-2.5 
Av. 1.59 
Av. 1.73 
Av. 1.15 
5 
5 
3 
3 


Gals. per 
4 Ibs. 
cement or 
blend 





March-April 1938 


Conversions 


Gallons 
Mixing 
water 
cu. yd. 
6.46 41.34 
>. 16 39 .42 
5.01 38.46 
>.01 38.46 
3.37 40.76 
5.61 42.30 
5.16 39.42 
86 37 .50 
5.16 39.42 
).37 | 40.76 
Remarks 


Added water 


Added water 
Total water 
Total water 
Total water 


Added water 
Added water 
Added water 
Added water 


There is every indication that the 


methods used gave reasonably dependable results in the workability 
evaluations of the group of materials which have ‘water factors” 
higher than cement or the fly ash materials tested. 





Vol. 34 PROCEEDINGS OF THE AMERICAN CONCRETE INSTITUTE 


JOURNAL 
of the 
AMERICAN CONCRETE 


INSTITUTE 


7400 SECOND BOULEVARD, DETROIT, MICHIGAN 





NOVEMBER-DECEMBER 1937 


Bond Studies of Different Types of Reinforcing Bars* 


By GEORGE ROBERT WERNISCHT 
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SYNOPSIS 


THE results of bond tests on 148 6 by 6-in. cylindrical pullout 
specimens and 58 6 by 12 by 36-in. beams (nominal effective depth 
9.0-in.) containing 13 types of %- and %4-in. diametr reinforcing 
bars placed in 2900-lb. to 7600-lb. (p.s.i.) conerete are reported in 
this paper. 


It was found difficult to correlate the results of the pullout and beam 
tests. The pullout test seems to be a poor measure of the bond resis- 
tance of reinforcing bars placed in beams of the dimensions noted both 
in initial and ultimate end slip. It was found that the type of bar 
has a marked effect on the resistance of bars subjected to a pullout 
test, whereas, with the exception of threaded and smooth bars, the 
type of bar has a slight influence only on the bond resistance of the 
bars embedded in beams of 3000-lb. concrete, although the effect 
was more pronounced in 7000-lb. concrete beams; that increasing the 
strength of the concrete usually results in only a moderate increase 
in the bond resistance of both beams and pullouts, not at all in direct 
proportion to the increase of the concrete strength; that the initial 
slip in the beams occurs at a much greater calculated bond stress 
than the initial slip in pullout tests; that the pullout test may give 
erroneous comparative results in many instances; that commercial 
bars in 3000-lb. concrete are 40 to 50 per cent stronger than ordinary 
plain bars in bond resistance as determined by beam tests; and that 
twisting two bars together does not increase their bond resistance 
appreciably. 


*Received by the Institute June 21, 1937 
tFormerly Research Fellow, Lehigh University, Bethlehem, Pa 
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OUTLINE OF TEST PROGRAM 
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Since the reader undoubtedly is familiar with the bond studies 


Fic. 1—Tyrrs OF BARS INVESTIGATED 
of Abrams, Withey and other early investigators, a resume is un- 
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necessary. The investigation reported in this paper was undertaken 
at the Fritz Laboratory, Lehigh University to study the following 
questions: 

1. Does the type of deformation affect the bond resistance of reinforcing bars? 

2. Is there an essential difference between the bond resistance of various types of 
commercial bars? 

3. How does the strength of concrete affect the bond resistance of reinforcing bars, 
especially at small end slips? 

4. Do pullout tests give a fair indication of the bond resistance of bars at small 
end slips? (that is, is there a similarity between the bond-slip curves of pullout and 
beam tests?) 

The test program comprised two series which overlapped con- 
siderably. 

In one series the effect of the strength of the concrete on the bond 
resistance of the reinforcing bars was studied by means of pullout 
and beam tests. The concrete strength varied from 2900 to 7600 p.s.i. 
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In the second series the bond-slip, pullout and beam curves of nine 
types of bars used were compared to determine whether the bond 
resistance offered by various types of bars was uniform. The trans- 
verse, diagonal, longitudinal and twisted types of deformations were 
investigated. 

The outline of the test program is given in Table 1. 

MATERIALS, METHOD OF MANUFACTURE AND TESTING 

All the materials used in this investigation, except the sand and 
gravel, were donated—the steel bars by the Carnegie-Illinois Steel 
Corp., Republic Steel Corp., Bethlehem Steel Co., The Franklin 
Steel Works, and Jones & Laughlin Steel Corp., and the cement by 
the Lehigh Portland Cement Co. 

Thirteen kinds of bars were used in the investigation. (Fig. 1). 
Bars I and II were manufactured with transverse deformations 
which did not run across the entire face of the bar and gradually 
decreased in thickness until they merged into the average diameter 
of the bars. The deformation of bar I was somewhat wide and low, 
with rounded corners. The deformation of bar II was narrower, 
higher and sharper, and was spaced at slightly greater intervals. 

Bar III contained a double diagonal deformation, placed at about 
45 and 135 degrees to the longitudinal axis of the bar. The somewhat 
wide and low deformations intersected at approximately 90 degrees. 
The deformation on bar IV was considerably larger than that on bar 
III, and only one diagonal, running zig-zag down each face of the 
bar, was employed. Both bars III and IV contained two symmetri- 
eally placed longitudinal deformations. 

Bars V and VI contained longitudinal deformations, staggered 
and overlapped so that any section cut transversely through the bar 
contained several deformations. The deformations of bar V were 
considerably larger and were spaced at greater intervals than those 
of bar VI. However, bar VI contained four continuous longitudinal 
deformations spaced symmetrically about the circumference of the 
bar. 

The plain bars (VII) had either a smooth or an ordinary mill scale 
finish. 

Bar VIII consisted of two %-in. plain bars twisted together. 
Most of the twisted bars were manufactured by the Bethlehem Steel 
Co. However, some of the bars used in observing the effect of twist- 
ing were manufactured at the Fritz Laboratory in a torsion machine; 
one complete twist was induced every twelve and one-half diameters 
of the bar, which corresponded to the twist induced in the bars manu- 
factured by Bethlehem Steel Co. 
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TABLE 1—OUTLINE OF TEST PROGRAM 





Type of Bar IConcrete Strength) Type of Test 





in, | p.s.i. | 
I—% 2830 | Pullout and Beam 
a4 3940 Pullout 
% 5120 | Pullout 
% 6000 Pullout 
% 7150 Pullout and Beam 
II—% 3350 Pullout and Beam 
% 4150 | Pullout 
% 4900 | Pullout 
% 6120 | Pullout 
IlI—% 3245 Pullout and Beam 
% 3910 Pullout 
% 4650 | Pullout and Beam 
% 6230 | Pullout 
% 7340 | Pullout and Beam 
Iv—% 3100 | Pullout and Beam 
A 3990 Pullout 
84 5090 Pullout and Beam 
4 | 6340 | Pullout 
% 7650 Pullout and Beam 
v-% 2870 | Pullout and Beam 
%4 j 7100 | Pullout and Beam 
vI-% 3250 | Pullout and Beam 
a4 3850 | Pullout 
% 4830 | Pullout 
4 5810 | Pullout 
% | 7190 Pullout and Beam 
VII—% | 3240 Pullout (smooth and ordinary) 
a4 3180 Beam (somewhat smooth finish on bar) 
%% | 2780 Beam (ordinary finish on bar) 
% | 4050 Pullout (ordinary) 
% 5910 Pullout (ordinary) 
4 7230 | Pullout (ordinary) 
VIII—two 4 twisted* 2960 Pullout and Beam 
two \% twisted 3400 | Pullout and Beam 
two \% twisted 4969 | Pullout and Beam 
two \% twisted 6860 | Pullout and Beam 
1X—two \ plain 3340 | Beam and Pullout 
X—two \% deformed 3500 Beam and Pullout 


| 
XI—1-in. bar, 4 square 

threads to inch, 

each thread - #yin. 

wide, %-in. deep 3160 Beam 
XII—1-in. bar, 9 V- 

threads to inch, 

threads \% in. deep 3380 Beam 

%-in. bar, 9 V- 

threads to inch, 

threads 7s inch deep 3390 Beam 





*Manufactured at Fritz Laboratory in torsion machine. 

Nore—Pullout specimens made in quadruplicate. Beam tests of bars I, III, [V and VI made in 
triplicate; other beams made in duplicate. All loads placed 9 in. from supports except for | ar IV 
where loads were placed 6 in. from supports, in 3100 p.s.i. concrete beams. 


Bar IX consisted of two %-in. plain bars placed adjacent to each 


other. Bar X contained two ™%-in. deformed bars (similar to bar IV) 
placed adjacent to each other. 

Bar XI was manufactured with square threads, four to the inch, 
yin. deep and 2-in. wide. 

Bar XII was manufactured with v-threads, nine to the inch. The 
threads were of two depths, i’s-in. and Yin. 
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It should be noted that all threaded bars had a diameter of 34-in. 
at the root of the threads. 

The yield point of the deformed bars (except Bar V) was approx- 
imately 50,000 p.s.i. whereas that of the threaded and plain bars 
was approximately 43,000 p.s.i. The yield point of Bar V was 59,000 
p.s.i. 

Four 6 by 6-in. cylindrical pullout specimens and three 3 by 6-in. 
control cylinders were made for each type of bar and concrete strength 
investigated. The steel was held in a vertical position while the 
concrete was placed in the molds in three layers and tamped in the 
same manner as the control cylinders. 

Two or three 6 by 12 by 39-in. concrete beams (refer to test pro- 
gram) each containing one %4-in. bar or two %-in. bars and eight 
stirrups (which were wired to the bars) and six 3 by 6-in. control 
cylinders were made for each type of bar and concrete strength investi- 
gated. Fifty-eight beams were manufactured. The bars in the beams 
were held in a horizontal position by machined supports placed on 
the inside of the end forms so that the distance from the center of 
reinforcement to the bottom surface of the beam was three inches. 
The length of embedment of the steel beyond the point of support 
was zero, inasmuch as the machined supports prevented contact of 
concrete and steel through their length of 1% in. The distance 
between supports was therefore 36-in. 

All pullout and beam specimens, and control cylinders, were per- 
mitted to remain in the forms for one day, whereafter they were 
stored in the moist room (having a constant temperature of 70°F 
and a humidity of 100 per cent) until the age of 28 days, at which 
time they were tested. 

The beams were loaded with two equal loads, placed 9 in. from 
each support, and the end slip was measured at both ends of the 
embedded bar. The beams were tested in a 300,000 lb. Olsen screw 
machine, the load being applied in increments of 3000 lb. at the rate 
of 0.10-in. per minute for the first 12,000 lb., and thereafter at the 
rate of 0.05-in. per minute. Fig. 2 shows a beam about to be tested. 

The pullout specimens were tested in a 50,000 lb. Riehle screw 
machine at the rate of 0.05-in. per minute, as shown in Fig. 3. All 
specimens were placed on a spherical bearing block, through which 
a 1-lé-in. hole had been drilled, to insure proper bearing. Load 
readings were taken at end slips of 0.00005, 0.0001, 0.0005, ete. 

The end slip in the bars of both pullout and beam specimens was 
measured by means of Ames Dials reading to one ten-thousandth 
of an inch. Initial slip was taken as 0.00005 in. 
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Fic. 2—BEAM IN TESTING MACHINE 





Fic. 3—PULLOUT SPECIMEN IN TESTING MACHINE 


EFFECT OF THE TYPE OF DEFORMATION ON BARS 
a. Pullout Tests—Fig. 4 and 5, and Table 2, indicate that there is 
a considerable variation in the bond resistance of various types of 
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reinforcing bars. Except as otherwise noted, the following dis- 
cussion refers to 34-iri. bars embedded in 3000 lb. concrete (Fig. 4). 
Considering only commercial deformed and plain bars (I to VII, 
inclusive) the data indicate that deformed bars III and IV offer 
approximately twice as much pullout resistance as an ordinary plain 
bar at ultimate slips. If the comparison includes the somewhat 
smooth plain bar, some deformed bars develop more than seven times 
as much pullout resistance. Some of the deformed bars slip initially 
at a stress approximately three times that of the ordinary plain bar. 
It should be observed that although the ordinary plain bar has an 
ultimate bond resistance more than three times that of the smooth 
plain bar its initial slip occurs at a stress which is only slightly greater 
than that of the smooth bar. 

When considering twisted bars, due allowance must be made for 
the greater perimeter obtained for equal steel areas (two small bars 
having a larger perimeter than one large one) in order to make a fair 
comparison. Thus a twisted bar may have less resistance per square 
inch but more total resistance, due to the greater perimeter. The 
perimeter of the two 4-in. twisted bars was 3.14 whereas that of the 
34-in. plain and deformed bars was 2.36. Therefore the calculated 

' — . (3.14) 

bond stresses of the twisted bars were multiplied by 1.33=——. 
(2.36) 

The slight discrepancy in areas (about 10 per cent) between the bars 
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TABLE 2—SUMMARY OF RESULTS—PULLOUT TESTS 
Average Initial Slip | Average Maximum 
Type of Bar | Concrete Strength Bond Stress | Bond Stress 
in. p.s.i. p.s.i | p.s.i 
I—% } 2830 355 960 
% 3940 380 1050 ' 
% 5120 380 1165 
% 6000 430 1276 
II—% 3350 290 1035 
% 4150 765 1190 
% 4900 370 1290 
% 6120 420 1485 
IlII—% 3245 375 1160 
% 3910 750 1130 
% 4650 455 1445 
4% 6230 580 1480 
34 7340 900 1435 
Iv--% 3100 380 990 
% | 3940 450 1200 
84 5090 510 1240 
34 6340 520 1490 
%4 7650 570 1610 
vV—% 2870 360 705 
% 7100 390 933 
vVI—% 3250 280 S63 ; 
34 3850 380 836 | 
34 4830 350 1125 ' 
% 5810 510 1210 | 
4 7190 535 1235 
VII—% 3200 160 409 (ordinary 
Y 3240 125 155 (smooth) 
% 4050 175 235 (ordinary 
% 5910 180 310 (ordinary) 
% 7230 175 330 (ordinary) 
VIII—two \% twisted 2960** 215 (287)t 350 (467)t 
3420 175 (233) t 378 (504) t 
4960 320 (427)t 620 (827)T 
6870 335 (447)t 675 (900) t 
IX—two }4’ plain 
adjacent 3340 180 367 
X—two 4” deformed 
adjacent 3500 205 605 
X—two 1%” deformed ' 
bars, twisted ** 3500 205 635 | 
BEAM TESTS ; 
I 3310 iSU 055 ' 
I 7150 720 1285 
II 3350 465 750 
Ill 3245 510 735 
III 4740 685 1485 
III 6700 910 1520 
IV 3100 540 805 
IV 5090 770 1130 
IV 7650 1020 1130* 
V 2870 415 775 
Vv 7100 640 1145 
VI 3250 480 845 
VI 7190 685 1040 
VII (smooth) 3180 90 420 
VII (ordinary) 2780 445 550 
VIII (2 twisted) ** 2960 355 (483) 4 520 (693) 
VIII 3400 350 (475)74 447 (596) t 
VIII 4960 498 (665) 1 643 (857)t 
VIII 6860 642 (855 825 (1100) 
IX (2 pl. adj.) 3340 380 705 
X (2 def. adj.) 3500 470 560 
XI 3160 685 920 
XII (¥¢" ht. thread 3380 805 1120 
XII (3%" ht. thread) 3390 995 1195 
*Diagonal tension failure. **Manufactured at Fritz Laboratory 
tNumbers marked thus: (483), are the ‘‘adjusted” values 
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Fic. 5—BOonpD SLIP OF PULLOUTS 


is negligible and need not be considered. When this adjustment 
has been made (refer to Fig. 4 “adjusted’’) it is apparent that two 
bars twisted together do not offer more than twenty-five per cent 
excess bond resistance over a plain bar despite the fact that in the 
case under consideration the twisted bar had one-third more surface 
area, probably because the twisting removes the mill scale on the bar 
and increases the smoothness of the finish, or because the concrete 
cannot be placed as efficiently and intimately around the twisted 
bar. Consequently, any possible increased resistance due to twisting 
is offset to some extent by the decreased resistance due to smoothness 
of bar and difficult placing of concrete. 


The effect of twisting is indicated in Fig. 6 wherein the bond-slip 
curves for two twisted bars manufactured at the Fritz Laboratory, 
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and two bars placed adjacent to each other are plotted. The bond- 
slip curves of the two bars placed adjacent (both plain and deformed) 
are approximately identical to the bond-slip curves of the twisted bars. 

Comparing the twisted bars with the ordinary deformed bars, it is 
noted that the ultimate loads of the pullout tests on deformed bars 
are more than twice those of the twisted bars. Initial slip in the 
deformed bars is developed at bond stresses approximately 10 to 70 
per cent greater than those of twisted bars. All twisted bar compari- 
sons given in this paragraph are based on the adjusted values for 
twisted bars. 

Considering only the ordinary commercial deformed bars (I to VI 
inclusive) there is a variation of approximately 35 per cent in the 
initial slip stresses and about 65 per cent in ultimate pullout stresses. 
The variations are just as pronounced in the specimens made of the 
higher strength concrete, as can be seen by referring to Fig. 5. 

The following table illustrates some of the variations in 34-in. bars. 


Concrete Strength Bond Stress—p.s.i. 
Type of Bar —_—_—— 
p.s.i Initial Slip Maximum Slip 
I 2830 340 960 
II 3350 200 1035 
Ill 3245 330 1160 
IV 3100 380 990 
V 2870 300 705 
VI 3250 280 863 
I 6000 540 1276 
II 6120 500 1485 
III 6230 580 1480 
IV 6340 520 1490 
V 7100 390 933 
VI 5810 510 1210 


Generally, the data indicate that the diagonal types of deforma- 
tions (bars III and IV) are strongest in resisting slip, whereas the long- 
itudinal types of deformations (bars V and V1) offer the least resistance. 

It was observed that the bond resistance of bars with transverse 
deformations is dependent upon the number, height and shape of the 
deformations. Bar II, for example, is manufactured with a high, 
sharp deformation, whereas bar I has a flat, wide, and somewhat 
rounded deformation which permits the concrete to flow around it, 
thus causing an earlier bond failure. It was also noted that for the 
same type of bar the specimens with the greater number of deforma- 
tions embedded in the concrete usually offered greater bond resistance. 

Most of the pullout specimens made with the stronger concretes 
failed by bursting due to the development of tension in the concrete, 
which probably prevented the concrete from being utilized to its 
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Fic. 6—EFFECT OF TWISTING OF TWO BARS ON PULLOUT AND BEAM 
RESISTANCE 


maximum value in compression. In this connection it was observed 
that the twisted bar had the action of a cork-secrew upon being pulled 
out of the concrete cylinder. The spherical bearing block thus per- 
mitted the concrete cylinder to rotate. In the 3000-lb. concrete 
tests some of the specimens cracked upon being held firmly in place, 
indicating that the twisted bars may induce considerable diagonal 
tension in the concrete. 


b. Beam Tests—With one or two exceptions which will be noted, 
there was little pronounced difference in most of the bars tested. 
The smooth plain bar offered the least bond resistance. Fig. 7 and 8 
indicate that the ordinary plain bar developed approximately 70 to 
85 per cent and the smooth plain bar 50 per cent of the bond resistance 
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Fig. 7—EFFECT OF TYPE OF DEFORMATION ON BOND RESISTANCE 
OF BARS IN BEAMS 


of the commercial deformed bars. Although bar VI developed con- 
siderably more stress for initial slip than the other commercial bars, 
the ultimate bond stresses of all six commercial deformed bars were 
approximately the same. It can be noted by referring to Fig. 8 that 
the maximum difference between any two commercial bars embedded 
in 3000-lb. concrete is approximately 15 per cent. 


Again referring to Fig. 6, it can be seen that the twisting of two 
bars does not materially affect their bond resistance. The beams 
containing two bars placed adjacent to each other (both plain and 
deformed) developed slightly greater initial slip and ultimate stresses 
than the beams containing the twisted bars. 


Using the adjusted value for the twisted bars, the data indicate 
that they develop less bond resistance than the weakest deformed 
bar. At ultimate loads, the commercial deformed bars develop a 
maximum of 35 per cent more bond resistance. 
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Fic. 9—BOonD SLIP OF BARS IN HIGH CONCRETE STRENGTH BEAMS 


Fig. 9 gives a comparison of the bond-slip curves of several rein- 
forcing bars embedded in high strength conerete. The curves are 
somewhat more variable than those showing the concrete of lower 
strength, and the bond resistance of the five commercial bars varied 
about 40 per cent. The twisted bar developed slightly more ultimate 
bond resistance than bar VI, but the remaining four deformed bars 
developed from 4 to 35 per cent more than the twisted bar. 

The various types of threaded bars embedded in 3000-lb. concrete 
exhibited considerably more bond resistance than any of the commer- 
cial bars, bar XI for example approximately 50 per cent more than 
the most resistant deformed bar. By observing curves for bars XI 
and XII (Fig. 7) it ean be noted that the number of threads per inch 
affects the bond strength of the bars. The greater number of threads 
per inch appears to give better results. It should also be noted that 
the depth of the thread has an effect upon the bond resistance of 
the bars, the deeper threads offering more bond resistance than the 
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Fie. 10—TypICAL EFFECT OF CONCRETE STRENGTH ON BOND 
PULLOUT RESISTANCE 


° 1 ° 

shallow threads. Increasing the depth of thread from i¢ to Yin. 
increased ultimate bond resistance approximately nine per cent; for 
initial slip the deeper thread developed 25 per cent more bond stress. 


EFFECT OF STRENGTH OF CONCRETE 
a. Pullout Tests—Fig. 10 presents a typical relation between the 
strength of the concrete and the bond resistance of the bars. With 
the exception of bars III and VII, the stronger concretes offered 
greater bond resistance. All the stronger conerete specimens burst 
at end slips ranging from 0.0035-in. to 0.01-in. 


In the case of the smooth bar, the bond resistance was doubled 
when the concrete strength was doubled (3000 to 6000 p.s.i.). In the 
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case of the twisted bar the bond resistance was increased about 55 per 
cent when the concrete strength was increased from 3000 to 7000 p.s.i. 


Considering only the commercial bars, the bond resistance was 
increased 23 to 63 per cent when the concrete strength was increased 
133 per cent (3000 to 7000 p.s.i.). The initial slip stress was increased 
from 30 to 75 per cent when the concrete strength was increased 
from 3000 p.s.i. to 6000 p.s.i. Bar IV appeared to be most sensitive 
to change in concrete strength, the ultimate bond resistance increasing 
63 per cent when the concrete strength was increased from 3100 p.s.i. 
to 7650 p.s.i. In initial slip, bar III increased its bond resistance 
75 per cent for a 133 per cent increase in concrete strength. Bar III 
appeared to develop the greatest bond resistance in both low and 
high strength concretes, although bars II and IV developed approx- 
imately as much resistance in the high strength concrete tests. 


It is apparent that in pullout tests the bond resistance of the bars 
does not increase proportionately with the concrete strength increase, 
and that the bond resistance can be increased to a greater extent by 
substituting a strong bond resistant bar for a weak one than by 
increasing the concrete strength several times. 


b. Beam Tests—Figs. 7, 9 and 11 indicate the effect of the strength 
of concrete on the bond resistance of the bars embedded in beams. 


From the few tests made on deformed bars embedded in 5000-lb. 
concrete, there appears to be a possibility that the bond resistance 
is increased considerably up to an optimum strength of approximately 
5000 p.s.i., whereafter it remains practically constant. Although 
the maximum concrete strength used in tests by Withey* was approx- 
imately 4500 p.s.i. his curves seem to indicate this same effect. In 
the beams containing concrete stronger than 5000 p.s.i., failure may 
be due to excessive paste content, diagonal tension in the concrete, 
or tension in the steel. The failure may have been accelerated in the 
specimen in which the steel reached its yield point. Further investi- 
gation is necessary in this matter. 

Considering only commercial deformed bars (omitting VIII) it 
was noted that the bond resistance of bar III was increased approx- 
imately 110 per cent when the concrete strength was increased approx- 
imately 110 per cent. When the concrete strength was increased 
approximately 50 per cent for bar III (to about 5000 p.s.i.) the bond 
resistance was increased about 105 per cent. Considering bar IV, 
the bond resistance was increased 40 per cent when the concrete 
strength was increased 65 per cent; however, when the concrete 


*“Bond of Vibrated Concrete,” M. O. Withey. Highway Research Board, 1936. 
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Fic. 11—EFFECT OF CONCRETE STRENGTH ON BOND RESISTANCE 
OF BARS IN BEAMS 


strength was increased approximately 140 per cent the bond resist- 
ance was increased only 35 per cent. Bars I and VI showed an increase 
of bond resistance of only 20 per cent for a concrete strength increase 
of 130 per cent. The bond resistance of bar VIII was increased in 
approximately the same ratio as the concrete strength was increased; 
when the concrete strength was increased 45 per cent the bond resist- 
ance increased 40 per cent, and when the concrete strength was 
increased 100 per cent the bond resistance was increased 85 per cent. 

Considering initial slip, the data indicate that bars III, IV and VIII 
respond most readily in increasing their bond resistance when the 
concrete strength is increased. Although the curves of these three 
bars follow approximately parallel paths, the rate of increase will be 
greatest for the least bond resistant bar (VIII) because of its lower 
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Fic. 12—BonpD SLIP OF BEAMS AND PULLOUTS 


initial slip resistance. Thus, the bond resistance of bars IV, III and 
VIII is increased 95, 80 and 90 per cent when the concrete strength 
is increased 135, 110 and 100 per cent respectively. Bars I and VI 
show an increase of bond resistance of 70 per cent for an increase of 
concrete strength of approximately 110 per cent. Bar V indicated 
an increase of 50 per cent bond resistance for = concrete strength 
increase of 140 per cent. 


Generally, the data seem to indicate that there is a considerable 
variation in the effect of concrete strength on bond resistance. The 
increase in bond resistance seems to depend on the type of deform- 
ation, the diagonal type apparently being superior to the transverse 
and longitudinal types, as previously mentioned. 
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COMPARISON OF PULLOUT AND BEAM TESTS 

Fig. 12 indicates a typical relation between the bond-slip curves 
of pullouts and beams. A comparison of the results can also be 
obtained by referring to Fig. 8. 

The comparison data appear to be erratic. In some cases the pull- 
out tests give lower values than the beam tests; in most instances 
higher values. The beam tests usually give higher initial slip stresses. 

The pullout tests may give an erroneous concept of the bond resist- 
ance of the reinforcing bars, especially relative to the smooth, ordin- 
ary, and twisted bars. The pullout test data indicate, for example, 
that some deformed bars in 3000-lb. concrete developed about seven 
times as much bond resistance as the smooth bars at maximum loads. 
The beam tests, on the other hand, indicated that the ratio of the 
bond resistance developed by the deformed bars to that of the smooth 
bars varied from 2.00 to 1.27 (for 3000-lb. concrete) which is entirely 
different from the large ratios obtained in the pullout tests. The 
pullout test data also indicated that the twisted bar was much less 
bond resistant than the deformed bars at maximum loads. Actually, 
in the pullout test, the ratio of the bond resistance of the deformed 
bars to that of the twisted bars was about 2.5—1.20 to 1.0, whereas 
in the beam tests the ratio was about 1.40—1.15 to 1.0. 

Bar V, when embedded in 3000 p.s.i. concrete, developed the lowest 
pullout resistance of the six commercial bars; however, in the beam 
tests it developed the second highest resistance. In the high strength 
concrete bar I developed an ultimate pullout stress of 850 p.s.i. whereas 
it developed 1180 p.s.i. in the beam tests. There are other such incon- 
sistencies, as can be noted by observing Figs. 8 and 12. 

DISCUSSION OF RESULTS 

As stated heretofore, the author attempted to correlate the results 
of the pullout and beam tests, and for this reason embedded the 
reinforcement in the beams a distance of three inches from the bottom 
surface of the beam to its center, which is the amount of cover of the 
reinforcement in the pullout specimens. 

The results obtained were so at variance that it is doubtful whether 
any correlation can be obtained, considering especially the favorable 
conditions under which the beams were manufactured and tested. 
The 3-inch embedment and the favorable loading conditions very 
seldom would be realized in actual construction. 

It is significant that notwithstanding all these favorable conditions, 
the bond stresses developed by most of the reinforcing bars were 
relatively low. For the beams of 3000-lb. concrete, considering only 
the commercial bars, the bond stress at initial slip calculated by the 
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usual formula (u = V/Zo jd) ranged from 280 p.s.i. to 380 p.s.i. 
giving a factor of safety of 1.72 to 2.52, if we assume a bond working 
stress of 0.05f’c. These factors of safety appear to be very low, 
especially if we remember that the 3-inch embedment of the bars may 
have increased appreciably the initial slip stress over 2-in. embedment. 

The low increases in ultimate bond resistance with large increases 
in concrete strength should have more thought. It appears that 
bond stress at initial slip is increased to a greater extent than the 
bond stress at ultimate slip by increasing the concrete strength and if 
working values are to be based on initial slip this may be significant. 

The data appear to indicate that it is incorrect to assume that bond 
stresses may be calculated as a constant fraction of the ultimate 
compressive strength of the concrete. In the 3000-lb. concrete the 
factors of safety (based on maximum loads) of beams ranged from 
3.7 to 5.6 on the assumption that the permissible bond working stresses 
were 0.05f’c. In the 7600-lb. concrete, the same bars gave a range of 
factors of 2.75 to 3.3—much lower than for lower strength concretes. 

It was noted that when the bars in the beams began slipping they 
had developed at least 50 per cent of their maximum bond resistance; 
in pullout specimens generally the initial slip stress was considerably 
lower than this value. 

SUMMARY 

It should be understood that the conclusions given herein apply 
only to the tests made in this investigation. 

1. Diagonal types of deformations appear to be most resistant to slip. 

2. Threaded bars may be made to develop 50 per cent more bond 
resistance than the most bond resistant commercially deformed bar. 
3. Twisting two bars together does not increase their bond resistance 

4. Increasing the concrete strength from about 3000 to 7000 p.s.i. 
increases the initial slip resistance of the bars in beams from 50 to 
100 per cent and the ultimate bond resistance from 20 to 110 per cent. 

5. It was found difficult to correlate the results of pullout and beam 
tests; any correlation between the tests appears to be purely acci- 
dental. 
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Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secrelary of the Institute by February 1, 1938 Fo 
such discussion as may develop readers ure referred to the JoURNAI 
for March-April 1938. 
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Discussion of Paper by Mr. George A. Wernisch: 
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C. A. MENZELT 


Tue data presented by Mr. Wernisch are of particular interest to 
the writer as he is now studying some of the elements of bond resistance. 
It is because of this interest that he has perhaps scrutinized the paper 
somewhat more closely than would be the case of the designing engineer 
interested principally in the general aspects of the problem of bond 
in reinforced concrete. 

There are a number of places in the text where it seems that errors 
have crept into the tabulations that have influenced somewhat some 
of the detailed statements in the text, although the soundness of the 
conclusions is not affected. 

The more important of the apparent errors are listed below. 

In Fig. 8, the diagram indicating the bond at initial slip for Bar VI 
shows a bond stress of about 685 lb., whereas Table 2 indicates that 
this should be 480 Ib. It appears also that this same higher value 
has been used for the initial slip in Bar VI of Fig. 7. The statement 
regarding the superiority at initial slip of Bar VI over the other 
commercial bars appearing in the first line of page 156 will be materi- 
ally altered by the correction of this error. 

The title of Fig. 10 seems to be misleading in that the curves shown 
are typical only in a limited sense. The diagram does not show the 
great irregularity in the bond at first slip (as given in Table 2) which 
is much more significant in the evaluation of the useful bond strength. 

On the first line of page 164 the values quoted for the bond stress 
at initial slip—-280-380—are apparently in error. These identical 


*JouRNAL Amer. Concrete Inst., Nov.-Dec. 1937; Proceedings Vol. 34, p. 145 
tAssociate Engineer, Research Laboratory, Portland Cement Association, Chicago 
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figures are found in Table 2 for the bond at first slip in the pull-out 
tests. The values, which were evidently intended, are those of 415-540 
for beam tests for 3000-lb. concrete which will be found in the lower 
portion of Table 2. Making this correction the factors of safety in 
the second line of the page would appear as 2.77 to 3.49 instead of 
the values 1.72 to 2.52. This, it can be seen, will make a considerable 
difference in the interpretation. The writer finds it impossible also 
to check the values for factors of safety in the 15th and 17th lines of 
page 164. He is unable to find how the particular values indicated, 
which seem somewhat low, were computed. 


In pointing out these errors it is not intended to detract from the 
essential value of Mr. Wernisch’s investigation which has given very 
illuminating data on many points in the problem of bond resistance. 
For the student of bond from the laboratory point of view it is to be 
regretted that more data were not given regarding the characteristics 
of the materials used, particularly the aggregate and the consistencies 
of the mixes. 


H. J. Gmuxey, 8. J. CHAMBERLIN, AND R. W. Breau* 


HAvINnG recently completed some rather extensive bond tests (1) 
(2), the writers were especially interested in this report. They find 
themselves in substantial agreement with most of the findings on 
comparable aspects, except as regards the conclusion on pullout vs. 
beam tests. 

Strength of concrete 

That added strength of concrete does not produce proportionate 
added bond resistance, is in support of reconnaissance test results 
published a year ago (1) and of a more extensive follow-up now in 
process of publication (2) Fig. 13{ shows the remarkable uniformity 
of indications on this point by all of the writers’ tests, as well as for 
the author’s plain-bar pullout specimens, the curve for which occupies 
the lowest position on the figure. 


Fig. 13 illustrates the effect of one important variable, that the 
Wernisch tests did not investigate, namely, that of the length-diameter 
(L/D) ratio on unit bond stresses, and on the bond-compressive stress 
ratios. The significant thing about Fig. 13, as regards the Wernisch 
tests, is the parallelism to the trends of the other curves on the sheet. 


*Department of Theoretical and Applied Mechanics, Iowa State College, Ames. 

tTo avoid possible confusion, the writers will number their figures and tables consecutively from 
where the author left off. Thus their first figure becomes No. 13 and the first table becomes 3. 

(1) Proc. Highway Research Board, Vol. 16 (1936), p. 81-95. ‘‘Pullout Tests for Bond Resistance 
of High Elastic Limit Steel Bars.” Tests of 1936. (Gilkey and Ernst) 4 ; 

(2) Proc. Highway Research Board, Vol. 17 (1937). ‘Bond Resistance of High Elastic Steel Bars; 
Series of 1937.’’ (Gilkey, Chamberlin and Beal) 
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That this curve, with its relatively low value of L/D does not fall 
higher on the sheet is probably due in part to the relatively severe 
criterion which the author adopted for defining initial slip, namely 
0.00005 movement (p. 149) instead of the more usual 0.0001 movement 
which is the lowest that the writers have been able to recognize with 
certainty. The close agreement of the four plotted points on the 
Wernisch curve seem to be sufficient proof that his criterion did give 
dependable results. Judging from the curves of Fig. 4 and 5, the more 
sensitive measurement of first slip seems insufficient fully to explain 
the low values for initial slip, and a supplementary cause must be some 
other difference such as, perhaps, a difference in the surface texture 
or smoothness of his bars relative to ours. At any rate the qualitative 
agreement is excellent. 


Ratios of bond resistance to compressive strength 


In Table 3 are shown ratios of bond resistance to compressive 
strength for concretes of approximately 3000, 5000 and 7000 p.s.i. 
(Wernisch Tests). For the sake of brevity, the concretes approximat- 
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ing 4000 and 6000 p.s.i. have been omitted from this tabulation. In 
studying these ratios it becomes evident that: 

1. The deformed bars offered substantially greater resistance both 
to initial slip and to maximum slip than did any of the plain bars. 

2. The threading of bars, while not a practical device, illustrates 
the fact that a fine-textured non-wedging type of deformation is 
much to be desired instead of the heavy splitting lugs used for all 
current types of deformed bars. 

3. The effect of strength of concrete is apparent in the general 
trends. 

4. The beam values are not seriously out of line with pullout 
values, in spite of the author’s expressed feeling that he found little 
correlation between them. 

5. The important L/D variable enters in making comparisons of 
the beams and pullouts, and also in some of the other comparisons 
between specimens of a kind. There are not enough different L/D 
ratios for any one type of bar to define a trend, as a basis for correction 
or comparison, however. 

Beams vs. pullouts 


When the author states as in Conclusion 5 that: “It was found 
difficult to correlate the results of pullout and beam tests; any correl- 
ation between the tests appears to be purely accidental,” the writers 
feel that he is being more modest than his evidence justifies. 

In loading 12-in. beams only 9 in. from the supports (probably to 
minimize chances of bending failures) the author did, at the outset, 
adopt a specimen whose validity as a beam was, at best, questionable. 
Nevertheless as previously noted in discussing Table 3, the agreement 
between beams and pullouts is not bad. Moreover, there is present 
the very significant and apparently unrecognized variable, L/D. 

On t®e two parts of Fig. 14 are plotted all of the tests for which there 
were companion beams and pullout specimens. Considering the great 
variety of bars, the difference between horizontal and vertical casting, 
differences in L/D ratios, ete., the writers contend that the correlation 
is excellent both at first slip and at the ultimate.’ 

Certainly the correlation shown by Fig. 14 is as good as that for the 
writers’ tests plotted on Fig. 15. Yet for all of the plain bar tests of 
Fig. 15 the writers found that differences in L/D ratio alone offered 


‘In judging of correlation one should recognize that parallelism is the essential factor. On Fig. 15 
there is reasonably good numerical agreement, as well as parallelism, and on Fig. 16 there is perfect 
correlation both qualitatively and quantitatively. On Fig. 14 there is excellent qualitative agreement 
at first slip, and both agreements at the ultimates. Parallelism only, such as that of Fig. 14 (first slip) 
may well be, in this case, traceable to some basic difference such as the nearness of load-points and 
supports. 
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a complete explanation of such irregularity as exists. The curves of 
Fig. 16 supply the irrefutable evidence on this point. For the deformed 
bars there was not a sufficient range in the L/D ratios for pullout 
specimens to make a similar comparison. The same is true for both 
the plain and deformed bars of the Wernisch tests. In neither Fig. 14 
nor Fig. 15 do the points representing deformed bars fall farther afield 
than do those for the plain bars. It seems proper, therefore, to assume 
that an adequate explanation for the plain bars, should be reasonably 
correct for deformed bars. 
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In the light of their own experience and the further analysis they 
have made of the Wernisch data, the writers contend that the author 
has real cause for gratification that his results should so well demon- 
strate the validity of the pullout test as a measure of the relative bond 
resistance of steel of any type. The writers, pleased with their own 
results on this score, weleome the added support that these tests 
supply upon this important aspect of bond. 

T wiste d bars 

Twisting or otherwise cold working any mild steel bar raises its 
yield point and thereby makes of it a more desirable reinforcement 
for concrete, since the usefulness of any steel as tensile reinforcement 
in concrete ceases at its yield point. To claim that twisting together 
two plain bars increased their bond resistance, however, was, in the 
light of earlier bond tests on square twisted bars, something to stretch 
one’s credulity. Certainly some of the claims widely broadcast in 
Europe and the United States during the last few years have savored 
more of salesmanship than of engineering. The author is especially 
to be commended upon having presented a straight forward factual 
basis for appraising the merits of a type of reinforcing steel so widely 
publicised. 

Summary 

In closing the writers desire to reiterate their agreement with the 
findings relative to strength of concrete, to emphasize the importance 
of the L/D variable in any study of bond, and to express their grati- 
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fication that the author’s tests (in spite of his own contrary utterances) 
so strongly support their own convincing evidence that the pullout 
specimen is a proper criterion of the behavior of reinforcement in a 
beam. Furthermore they welcome the other important evidence 
presented on bond. 
Acknowledgments 
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D. B. STEINMAN* 


A number of conditions unfortunately overlooked in the test pro- 
cedure by Mr. Wernisch invalidate the results of his comparative bond 
studies, particularly his conclusion that ‘‘twisting two bars together 
does not increase their bond resistance appreciably”. This conclusion 
is contradicted by all the test results obtained with Isteg steel in this 
country and abroad. 

The advantages of twisted twin bars in slip resistance can be shown 
only if an adequate multiple of the pitch is embedded in the concrete. 
If the embedded length is too short, the pull-out test will show little 
more than the slip-resistance of ordinary straight bars. To reproduce 
actual conditions in use, and to show the full advantage in slip resist- 
ance afforded by the helical form, a length equal to at least 1.6 times 
the pitch of twist should be embedded. (See the writer’s paper, ‘“‘Isteg 
Steel for Concrete Reinforcement” t.) Furthermore, the pitch of the 
twisted bars tested by Mr. Wernisch appears to have been 14 times 
the diameter of a single rod (as scaled from the photograph, Fig. 1, 
page 146) instead of 12% diameters as intended and as recommended. 
The embedded length of 6 in. was therefore only 0.86 times the pitch, 
or only about one-half of the embedded length properly required for 
valid test results. A comparison showing the proper arrangement 
for valid pull-out tests is shown in Fig. 17. For %-in. Isteg bars, the 
minimum embedded length for pull-out tests should be 10 in.; with 
15-in. embedded length, which is short enough for any designer, tests 
show that the bar will break before it will move in the concrete. 

Mr. Wernisch states (page 155) that his twisted bars “had the 
action of a cork-screw upon being pulled out of the concrete cylinder’. 
This reveals another condition that invalidates his test results. In 


*Consulting Engineer, N. Y. City. 
tJournNaL Amer. Concrete Inst., Nov.-Dec. 1935; Proceedings Vol. 32, p. 191. 
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actual use in reinforced concrete, there is no free length of bar (nor 
possible rotation of the concrete) to permit the bar to be pulled out as 
a cork-screw. In proper procedure for pull-out tests, when twisted 
bars are used, the concrete block and the bar should be closely clamped 
against relative rotation. (See the writer’s paper, page 191.) Pull-out 
tests that permit such unscrewing action are of little practical value, 
and do not show the full advantage of the twisted bars in slip resistance. 

In the pull-out tests made at Columbia University in 1934,* the 
bond-resistance of Isteg steel with sufficient length of embedment in 


the concrete showed the following results: 

Load at First Slip Bar Stress at First Slip 
Test Bar — 
p.Li Ratio p.s.i. Ratio 
Isteg %" . 1164 1.70 42,000 2.37 
Plain %°¢.... 685 1.00 17,760 1,00 
| 

Deformed %" 879 1.28 23,200 1.31 


*As reported by Mr. Steinman in his paper. 
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In pull-out tests made at the Swiss Federal Testing Laboratory at 
Zurich in 1934, the blocks of concrete were prevented from rotation by 
special precautions. The test procedure and results are shown in 
Fig. 18. The summary of the test results is as follows: 











Max. Load Max. Bar Stress 
; ” ‘Tons i see Ratio * “pai. - | Ratio 
Isteg9mm.¢g..........| 5.27 | 1.9 $7,400 =| t«éw 
Plain round 15 mm. ¢ 2.75 1.0 22,100 1.0 





In pull-out tests made by Dr. F. von Emperger in Vienna in 1938, 
the prisms of concrete were prevented from rotation by special pre- 
cautions. (Fig. 19). The summary of the test results is as follows: 





Slip of 0.002 in. Slip of 0.01 in. 
Bue Bivens ; Ratio Bar Stress Ratio 
p.s.1 p.s.1. 
loteg 12 mm. WM acs la 45,500 1.96 50,500 2.02 
Plain round 22 mm. @ 23,250 1.0 25,000 1.0 


The test results of Dr. Emperger at Vienna and those of the Federal 
Testing Laboratory at Zurich corroborate the pull-out tests on Isteg 
steel at Columbia University. All show superior bond resistance for 
Isteg steel as compared with straight bars. In all cases, the ratio of 
bond resistance exceeds by a wide margin the ratio of recommended 
and authorized working stress. It is of interest to record the fact that, 
on the basis of bond test results, several European countries (including 
England) authorize the use of Isteg steel without end-hooks. 

Mr. Wernisch makes two damaging suggestions not substantiated 
by fact. He suggests that the loss of the mill scale in twisting reduces 
the bond. This may have been the case in his fresh laboratory test 
pieces, but the conditions are quite different in actual practice. When 
the scale falls off and the steel is exposed to the air, a rough film begins 
to form by oxidation; this film is inoffensive since it is not loose and 
actually increases the asperity of the bar. The importance of a rust 
film for the adhesion of bars of any description has been dealt with by 
Graf in the ‘‘Handbuch fiir Eisenbetonbau’’, where he analyses corru- 
gated bars of various forms as compared with smooth and slightly 
rusted plain bars and finds that the asperities of the plain bars nearly 
make up for the corrugations. This condition is preferable to that of 
loose mill scale. The other unfounded suggestion is that ‘‘the concrete 
cannot be placed as efficiently and intimately around the twisted bar’. 
This surmise is completely disproved by all the photographs of sections 
and tests of concrete reinforced with Isteg steel. 
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In reference to the beam tests, Mr. Wernisch states that ‘‘there 
was little pronounced difference in most of the bars tested.”’ Again 
the length of embedment, between load point and reaction, was less 
than the correct minimum value in terms of pitch of twist, so that these 
test results are also invalidated. 

Unfortunately the paper of Mr. Wernisch does not contain any 
observation about the behavior of the beams during the tests,—about 
crack development, shear cracks, deflection, etc. It is very probable 
that not only the bond properties but also the elastic properties of 
the reinforcing bars used were of eminent importance for the yielding 
load of the beam and the resulting slip of the reinforcement. 

Calculations from the bond-stress curves of Mr. Wernisch (Fig. 7, 
page 156) show that the twisted bars worked at a steel stress of about 
1000 to 1500 p.s.i. higher than the deformed bars. Such higher steel 
stress, without the higher elastic properties of true Isteg steel, naturally 
could not be without influence on cracks, deflections, etc., with result- 
ant effect on end slip. Since the two beams did not work under the 
same stress conditions, it is difficult to compare the test results. 

The important point that should not be overlooked is that the twisted 
bars used by Mr. Wernisch were not Isteg steel. Apparently he was 
interested only in the form of the bars, not in their elastic properties. 
In contradistinction to the twisted bars of Mr. Wernisch, which were 
only twisted, Isteg steel is twisted and stretched in special machines. 
Many tests have shown that, by a simple twisting process, the elastic 
properties of the bar are not increased; on the contrary, the elastic 
properties of the bar after a simple twisting operation may be even 
worse than before. 





In view of these facts, it would be erratic and misleading to draw, 
from the beam tests of Mr. Wernisch, any conclusions on the behavior 
of Isteg steel in concrete beams. The Columbia University tests 
demonstrated that Isteg steel (twisted and stretched) is a material 
of excellent elastic properties, which is apparently not the case with 
the ‘twisted bars’ used by Mr. Wernisch. 

Neither the material nor the test procedures used by Mr. Wernisch 
are fairly or properly representative of the high physical properties 
of Isteg steel, of which over 250,000 tons have already been produced 
and used, with complete satisfaction and highest authoritative endorse- 
ment, in the various European countries including England. 


AUTHOR’S CLOSURE 


The author thanks Mr. Menzel for scrutinizing the paper and calling 
to his attention several minor errors which do not affect the general 
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conclusions. Unfortunately, the bond values for the pullout tests 
were applied incorrectly to the beam discussion when rewriting the 
paper, and the factors of safety as calculated by Mr. Menzel should 
be substituted for the author’s at the top of page 164. Considering 
the favorable loading conditions and 3-in. embedment, the author 
contends that a factor of safety of three in initial slip is, nevertheless, 
low. 

The initial slip bond stress of bar VI is shown incorrectly in Table 2. 
The values indicated in Figs. 7 and 8 are correct, and therefore the 
author’s statement regarding the superiority of bar VI at initial slip 
applies. 

Fig. 10 indicates a typical relationship between concrete strength 
and bond pullout resistance. Diagrams, in many instances, can only 
show a trend, and not detailed information. The actual initial slip 
values are indicated in Table 2. 

The aggregate used in this investigation was Portland (Pa.) sand 
and gravel. The coarse aggregate was so combined as to contain 
50 per cent by weight No. 4 to 34 in. and 50 per cent %¢ to %4 in. 
The fine and coarse aggregates were combined in the ratio, by weight, 
2:3. In designing the concrete the Lyse cement-water method of 
proportioning was adopted; the water content per cubic foot of concrete 
was kept constant, except in the 6000 and 7000 lb. concrete where a 
slight addition was necessary to obtain the average slump of 3 to 5 in. 

The author was gratified to learn that his findings were in substantial 
agreement with those of Messrs. Gilkey, Chamberlin and Beal, but 
feels that the pullout test, in which the concrete around the bar is 
compressed, is not a satisfactory criterion for determining the resist- 
ance to slip of a bar in a beam where the concrete around the bar is 
in tension. While Messrs. Gilkey, Chamberlin and Beal believe the 
agreement between the beams and pullouts is not bad, Table 3 cer- 
tainly does not indicate a good agreement. However, the writers 
do call attention to a very significant variable which should be given 
further study. 

The statement of Messrs. Gilkey, Chamberlin and Beal relative 
to twisted bars: ‘Certainly some of the claims widely broadcast 
in Europe and the United States during the last few years have 
savored more of salesmanship than of engineering’? would seem to 
apply to Mr. Steinman’s discussion. 

Referring to Mr. Steinman’s 1935 A. C. I. paper, the author found, 
under “Bond Tests” (page 191) the results of pullout tests made in 
1934 at Columbia University which Mr. Steinman has quoted in his 
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discussion; however, the load at first slip in the paper is shown as 
pounds per square inch instead of pounds per linear inch. From 
-alculations of the bar stress at first slip it is apparent that p.s.i. is in- 
correct in Mr. Steinman’s paper and the values shown are for p.Li. 
This can be verified by the reader from the following data taken 
from the 1935 paper. 


Group 3 
Load at First Slip Bar Stress at First Slip 
Test Bar p.s.i | Ratio p.s.i 
Isteg 54° oo 1460 1.22 19,040 
Plain 1°¢ 1192 1.00 12,160 
Deformed 1" ¢ 1407 1.18 14,320 


Take for example the Plain 1 in. round bar (cross sectional area 
of 0.7854 sq. in.); from “Bar stress at First slip’’ the load is obtained 
by multiplying stress by area, viz: 0.7854 x 12,160=9550 lb. 

The load at first slip in the first column, 1192 p.s.i., obviously is 
incorrect to anyone familiar with bond research. 

For the 8-in. length of embedment (used in the Columbia Univ. 
tests) the load at first slip would be 8 x 3.14 x 1192 = 29,943 lb. 
which does not check with the previously obtained value of 9550 lb. 
This value is obtained, however, if we multiply the length of embed- 
ment by 1192: 8 x 1192=9536 lb. The author has checked all the 
data and found that the values in group 3 (also in groups 1, 2 and 4 
of the paper) were in terms of p.1.i., not p.s.i. as shown in Mr. Stein- 
man’s paper. 

This is very important because with this information the following 
table indicates that the Isteg bar is inferior to plain and deformed bars 
in group 3. 


Actual ratio, using 


p.Li p.s.i Steinman 1"% Plain as the 
Ratio Base 
Isteg 54° oo 1460 373 1.22 0.98 
Plain 1’ ¢.. 1192 380 1.00 1.00 
Deformed 1° ¢ 1407 448 1.18 1.18 


The results of group 2 are also interesting (plain bar omitted) 


Steinman 


p.Li p.s.i. Ratio Actual Ratio 
Isteg 14° o¢ 1406 } 448 27 / 1.10 
Deformed 74" 1120 410 1.91 1.01 


Thus it can be seen that many of Mr. Steinman’s results are obtained 
by calculating the bond stress per linear inch (and neglecting to men- 
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tion it) which is questionable and misleading, instead of using the 
standard method of surface area, which is the only one that can be 
used in beam design. 


By this method Mr. Steinman shows that the Isteg bar is 42 per 
cent more resistant to initial slip in group 1 than the deformed bar, 
when conveniently omitting adverse data of groups 2, 3 and 4. Actu- 
ally, using surface area of bars, the twisted bar in group 1 is only 10 
per cent more resistant in initial slip and until Mr. Steinman produces 
data showing that two plain bars placed adjacent to each other will 
not be as resistant as the twisted bars, the author will continue to 
maintain that the only possible advantage a twisted bar has is 
that it offers more surface area per square inch of cross sectional area; 
and this advantage is present whether the bars are twisted or straight. 


From the practical viewpoint, it would be necessary to compare 
bars of equal cross sectional area, as the 7% in. round deformed bar 
(0.60 sq. inches area) with the Isteg 54 in. 2 round bars (0.62 sq. 
inches area). When this comparison is made, it is noted that the 
¥% in. round deformed bar is 10 per cent more resistant to initial slip 
than an equivalent Isteg bar (Deformed 7% round—410 p.s.i., Isteg 
54 2 round bars 373 p.s.i.) 


Mr. Steinman chooses to use a scale on a photograph in preference 
to believing the author’s statement that one complete twist was 
induced every 12% diameters. It should be understood that the 
twisted bars used in this investigation, except as otherwise noted in 
the paper, were manufactured in the same manner as those used by 
Mr. Steinman in the Columbia University tests. The author wonders 
parenthetically how such a slight difference in twist, if it were present, 
could make the great difference in results as suggested. 


Mr. Steinman objects to the short length of embedment. In a 
comparative study such as undertaken by the author length of embed- 
ment of a uniformly deformed bar wouid not react unfavorably to 
any one bar, and the twisted bar would be just as inferior with longer 
embedment. 


Objection is also made to the relative rotation of the concrete 
block in the twisted bar tests. Rotation cannot commence until 
initial slip has begun, and the value obtained by the author is correct. 
However, as mentioned in the paper, holding the block in place induces 
considerable diagonal tension in the concrete which may result in 
early failure, unless prevented by hooping. Some of the 3000 lb. 
blocks thus held by the author did fail in tension.. The beams tested 
by the author contained sufficient diagonal tension reinforcement 
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and therefore did not fail in tension. However, R. H. Evans (in the 
October 1937 issue of Concrete and Constructional Engineering) has 
shown that beams reinforced with two bars twisted together in the 
shape of a helix develop decidedly less resistance than the straight 
untwisted bars, when failure is due to insufficient diagonal tension 
reinforcement; thus indicating definitely that twisted bars induce 
considerable diagonal tension in the concrete. 


Mr. Steinman takes exception to the higher steel stresses in the 
twisted bars referred to in Fig. 7 and apparently desires to create the 
impression that his bar would have behaved differently due to some 
inexplicable qualities. The diagram indicates definitely that the 
twisted bar is inferior to deformed bars, twist, and peculiar elastic 
qualities notwithstanding. 


Mr. Steinman’s discussion has not convinced the author that the 
twisted bar used in the investigation was not representative. Nor has 
it discredited the author’s tests which indicate definitely that twisting 
two bars together does not increase their bond resistance. 
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Shearing Deformation in Continuous Beams and 
Rigid Frames* 


By A. Frorist 


SYNOPSIS 


THE deformation methods used in the analysis of continuous beams 
and rigid frames do not take into consideration the influence of the 
shearing forces. In ordinary structures this influence is usually 
negligible. However, cases may arise in practice where the deforma- 
tion due to the shearing forces cannot be neglected. 


From the deformation methods the most commonly used are the 
slope deflection and moment distribution. The purpose of the present 
paper is to include in these methods the influence of the shearing forces. 
How to take care of the influence of these forces in the three moment 
equation, another widely used deformation method, has been shown 
elsewhere. ** 

FUNDAMENTAL ASSUMPTIONS 

As it is well known, the beam theory of flexure is based upon Ber- 
noulli’s assumption that a section originally plane and normal to the 
axis of the beam remains plane after bending.t+ For practical purposes 
this assumption is sufficiently accurate in prismatic bars in which 
the influence of the shearing deformation is negligible. However, in 
short members of considerable depth this influence is appreciable. 
It is obvious therefore that in such cases Bernoulli’s assumption is 
only approxim: ite.[ Nevertheless, use will be made of this hypothesis 


*Received by the Institute Oct. 11, 1937 

tLos Angeles, California 

**Shear deformation included in three moment equation. By A. Floris. Civil Engineering, Oct. 1937, 
Pp. ¢ 711 

TttAbhandlungen aber das Gleichgewicht und die Schwingungen der ebenen elastischen Kurven 
Von Jakob Bernoulli and Leonhard Euler. Ubersetzt und herausgegeben von H. Linsenbarth. Leupzig, 
1910 Ostwalds Klassiker der exakten Wissenschaften 

For further practical information regarding this matter from the point * view of the theory of 
elasticity, see Die E oe der Eiseneinlagen in wandartigen Trigern. Von Franz Dischinger. 

ton u. Eisen August 5, 1933 p. 237. 
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in view of its general acceptance in practice. Furthermore it will be 

assumed that the sections of the members are constant between joints. 
CONVENTION OF SIGNS 

Ordinary Beam Theory—The usual convention of signs adopted in 

the ordinary theory of flexure is also followed in the present analysis. 


If the resultant of the external downward forces is acting to the 


(ne ge eee nee 


left of a section, positive moments are directed clockwise and positive 
shearing forces upward. If the resultant of these forces is acting to 


the right of a section, then for positive moments and shearing forces, 
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the above directions should be reversed. In both cases compression 
is developed above and tension below the neutral axis. 

The positive directions of moments and shearing forces and positive 
joint rotations of the ordinary beam theory are shown in Fig. 1. 

Slope Deflection Method.—In the derivation of the slope deflection 
equation the following assumptions with regard to signs are made. 

Clockwise rotation of moments, joints or bars and downward 
direction of shearing forces are positive. Counter clockwise rotation 
and upward direction are negative. 

The positive directions of moments and shearing forces and positive 
joint rotations adopted in this method are given in Fig. 2. 

In the expressions of the external loading the sign convention of 
the beam theory is used. The same convention is also followed in 
the expressions of the end moments and shearing forces caused by 
them as long as this does not contradict the signs adopted in the slope 
deflection method. If there is a difference between the two conven- 
tions this is expressed by a negative sign. 


SLOPE DEFLECTION METHOD 


(reneralized Slope Deflection Equation— Under the influence of the 
yielding of support b by the amount 7, Fig. 3a, the originally hori- 
zontal bar ab rotates in a clockwise direction the undeflected axis of 
which forms the angle ¥ with the horizontal. At the same time, owing 
to the action of the end moments A, and B, and the external foree P, 
the ends of the bar will rotate, their tangents forming the angles 
Ta, Ga ANA 7, g With the rotated and the originally horizontal axis of 
the bar, respectively. 

As it is well known, the end slope of a loaded bar is equivalent to 
the static moment of its moment area relative to the opposite end 
divided by FJl and to the v times area of the shearing forces caused by 
the end moments divided by FAI*. Herein E is the modulus of 
elasticity of the material, 7, A and l are the moment of inertia, sec- 
tional area and length of the bar, respectively and » is a factor depend- 
ing on the shape of the section and the material of the bar. For 
rectangular sections it can be taken vy = 2.8 for concrete and v = 3.0 
for steel. In the first case the Poisson’s ratio is assumed 1% and in 
the second case 4. In the subsequent numerical examples v = 2.9 
for concrete will be used. 

Under these conditions and considering Fig. 3a to Fig. 3e, the 
following expressions for the loaded bar on a yielding support are 
obtained, if L and R are the static moments of the moment areas with 


*Die graphische Statik der Baukonstruktionen. Von Heinrich F. B. Miller-Breslau. Berlin 1908, 
vol. 2 part 2, p. 4 and 11 
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regard to the left and right supports, respectively and F is the area of 
the shearing forces. 


L F 
% = Vv 
Ell EAI 
rR, fk 
or %? = + 1 
Ell EAI 
% = L, fe Ap, Bb, A, : B, 
Ell 6E]/ 3EI EAI EKAl 
we ee a a ne a oe ee. 
Ell 3EI 6H] EAI EAIl 
in which 7 = ¢,—yv and Ta La y 


In these expressions the areas of the shearing forces of the beams on 
two supports produced by the external load P, Fig. 3c, are always 
equal and opposite in sign. Therefore they cancel each other. In 
addition the signs of the terms due to the shearing forces in the second 
expression have been reversed. This is done in accordance with the 
assumption that the shearing forces acting to the left and right of a 
section have opposite signs. 


Introducing the following abbreviations: 


l l 
t= 4+» and A = yp. (1) 
3 l 6 l 
: . I 
in which Y= 
A 
the above equations are reduced to the simpler form 
: L. 
EI (y >) Abd Bt (2) 
re R, : , 
EI (¢ vy) I - Ait Br (3) 
in which L. — static moment of the bending moment area, Fig. 


3b, for the external loading of the freely supported 
beam relative to the left hand support a 
R, static moment of the same area with regard to the 
right hand support b 
These static moments of the freely supported beam, the base system 
in the present case, are not influenced by the end moments. Conse- 
quently, the sign convention of the beam theory is followed. 


Solving Eq. (2) and Eq. (3) simultaneously the end moments are 
obtained. 


om a 
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be a ET \(¢a VE + (ge —V)Al 


, ee 
‘thenoal 
pg, = Film —Wst o—WN 4 og «asl 
wheel 
in which 
ei ki $ : ah — 
(¢? : V2)! 
— Lt Rod» pe (7) 
Fe *)l 


are the fixed end moments of the bar ab at the left and right hand 
supports, respectively. 


From Eq. (1), Eq. (4) and Eq. (5) it is readily seen that the influence 
of the shearing forces upon the end moments depends on the ratio 7 
and the length of the bar. The greater the depth and the shorter the 
length of the bar the greater will be the influence of the shearing 
forces. 


Standard Slope Deflection Equation—Neglecting the shearing defor- 
mation Eq. (1) becomes 


l l 
¢(=- and = — ee (8) 
3 6 
and consequently Eq. (4) and Eq. (5) reduce to the standard form 
7 o , , 
A, _ 2E I (2%, + Lb joy) Fs (9) 
‘ J I ‘ ‘ i J 
B, = 2K ; (2, T Ga" oy) — F'sa (10) 
' 2 
in which Fa = (2R, — L,) (11) 
2 
F,, = . (2L, — R.) (12) 


are the fixed end mements. 
Because of its smallness, the rotation angle y of the bar can be 


replaced in Eq. (4), Eq. (5) and Eq. (9), Eq. (10) by its tangent : 


It is perhaps of interest to note that Eq. (4) and Eq. (5) can be 
written 
EI , 
A, = — x2 [Sea Ags f+ A)y] Sad 
- 


Ls 
‘ 
ra 
Pp 
2 
i 
’ 
» 
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B, = . 2 [Cop + AGa (¢ + d)y] + Sta 


¢ 2 
in which form their similarity with Eq. (9) and Eq. (10) becomes 
apparent. 

Signs of Fixed End Moments—The negative sign of the fixed end 
moment in Kq. (4) and Eq. (9) indicates that the direction of this 
moment is opposite to the assumed direction of the end moment Ay. 
The positive sign of the fixed end moment in Eq. (5) and Eq. (10) 
shows that the directions of both fixed and assumed end moments are 
the same. 

Symmetrical Base System—lIf the loading between two joints is 
symmetrical, Eq. (6), Eq. (7), Eq. (11) and Eq. (12) are equivalent. 
This is quite obvious, because the fixed end moments being equal 
and of opposite direction, the shearing forces caused by them balance 
each other. Inasmuch as the loads between joints are usually sym- 
metrical, Eq. (6) and Eq. (7) will be seldom used in practice. For 
various kinds of loadings Eq. (11) and Eq. (12) are given in handbooks 
on structural engineering. 

Static Moments of Moment Areas.—-The static moments of the freely 
supported beam on two supports for few loadings, most commonly 
met in practice, are given below. 

For a concentrated load P, Fig. 3b, at a distance c from the left and 
e from the right hand supports 

L, = ot (P ce) and R, = “e (L? e) :<% Ste 
6 6 

For a concentrated load P applied at the middle of the span the 

above expressions reduce to 
L. = R, = a (14) 
16 

If several concentrated loads are acting on the beam the static 
moments are obtained from the above expressions through super- 
position. 

For a uniformly distributed load p over the entire span the static 
moments will be 
pl 


24 


L. Ce (15) 


MOMENT DISTRIBUTION METHOD 


General Procedure—The necessary formulas for the moment distri- 


bution method ean be derived by means of the principle of virtual 
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displacements, the Castigliano’s theorems, or the slope deflection 
equation. The last method will be used here as the most convenient. 

The base system of the moment distribution method is the bar 
fixed at both ends. In other words the ends of the bars of a hyper- 
static beam or frame are assumed fixed. By releasing the restraint in 
one of the joints at a time, an unbalanced moment will usually ensue 
which is the algebraic sum of the fixed end moments at this joint. 
This unbalanced moment is distributed to the bars framing into the 
joint in accordance with their resisting ability. The distributed 
moments, acting at the free or hinged ends of the bars, produce a 
bending moment at the opposite end. In other words the corresponding 
distributed moments are carried over to the fixed far end of the bars. 





Fic. 4 


Carry Over Factor—The moment A, acting in a clockwise direction 
at the hinged end a of the bar, Fig. 4, produces a moment B, at the 
opposite fixed end b. 

Since the supports do not yield, there is no external load on the bar 
and the end b being fixed, the tangent to the elastic curve at this 
point is horizontal. It follows: 

y S - ae 0 and yg, = 0 sothat Eq. (2) reduces to 


r 
B, A b~ (16) 


‘ 
Hence the carry over factor is 
B : (17) 
4 
in which A and ¢ are taken from Eq. (1). 

It is seen therefore, that the carry over factor is not constant for all 
bars, but depends on their dimensions. In addition to the stiffness each 
bar has also an individual carry over factor. The greater the influence 
of the shearing forces or, the stiffer the member is, the smaller will be 
the carry over factor. 

If the shearing deformation is neglected, the carry over factor by 
the aid of Ikq. (8) becomes 
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It is readily seen from Eq. (1) that by considering the shearing 
deformation the carry over factor will always be less than %. In 
this case therefore, the values of the distributed moments converge 
more rapidly than in the case, where the influence of the shearing 
forces, being very small, is neglected. 

Distribution of Unbalanced Moments—By unlocking one of the joints 
the resulting unbalanced moment is distributed to the bars framing 
into it. Using Eq. (3) and Eq. (16) and remembering that y 0 
and because of the absence of external loads R, = 0, the resistance 


et 


— — —~ | 


' 
Kia. 5 


or stiffness of the bar to the moment A, applied at the unlocked or 
hinged end, Fig. 5, will be 


A, = EI_—*— (19) 
’ 
Omitting EF because the structure is composed of the same material 
throughout, the measure of stiffness or its stiffness factor is obtained 
by putting in hq. (19) 1.0, or 


En. {— ii (20) 
¢? 2 

If the shearing deformation is neglected, the stiffness factor is 
derived from Eq. (20) by. substituting the values of ¢ and \ from 
Eq. (8). Hence this factor will be 

K =4 (21) 
l 
In this expression the factor 4 can be omitted as common to all bar 
fixed at both ends. 

It should be noted here in passing, that in dealing with structures 
composed of different materials, Iq. (20) and Eq. (21) should be multi- 
plied by the modulus of elasticity of the respective material. The 
varry over factor, as given by Iq. (17) and Iq. (18), remains unaltered 
in this case. 

In both cases with shearing deformation considered or neglected, 
the stiffness factor is the greater the stiffer the member. 
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Yielding of Supports—If one or both supports of a fixed end bar 
yield without rotating by the relative amount 7, Fig. 6, then, because 
of fixity and absence of external loading, both A, and B, being equal 
before deformation remain so afterwards. Consequently, substituting 
in Eq. (2) 


g = 0 L, 0) and Ay B. 
or in Kq. (3) 
Go = 0 R. 0 and B, A, F 
and remembering that ¥ ™ it will follow 
l 
A, = B, = EI —" _. (22) 
(A Cl 





Neglecting the influence of the shearing deformation,by using Eq. (8) 
the above expression becomes 


‘on 6EI : (23) 


It is obvious that Eq. (22) and Eq. (23) represent the fixed end 
moments produced by the yielding of supports. 


The measure of stiffness or the stiffness factor will be obtained by 
substituting in hq. (22) and Eq. (23), » 1.0 and omitting E as 
common to all bars. Hence, if the shearing forces are considered, the 
stiffness factor is 

: I 
K (24) 
(A cyl 
and if the shearing deformation is neglected 
: 
kK 6 ‘ (25) 
h 
Herein the factor 6 can be omitted if common to all bars. Further- 
more the minus sign has been dropped, because this expression is 
used as ratio exclusively. 
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Known End Conditions—Sometimes the final or actual moments at 
the joints and supports of a beam or frame are qualitatively known in 
advance. In such cases, by using the proper stiffness factor for the 
bar whose end conditions are known, the process of carrying over the 
distributed moments to the far end of this bar can be dispensed with, 
provided the proper base system is used. This follows from the fact 
that the carrying over process adjusts the distributed moments to 
conform to the end conditions of the bars. Therefore, if the proper 
stiffness factor and base system are used, this adjustment is not 
necessary. 





Kia. 7 


If the far end b of the bar, Fig. 7, is hinged and the near end a is 
unlocked, it is obvious that a moment cannot be developed at the far 
end. Consequently, by substituting in Eq. (3) 

y = 0 Ro = 0 Ya 1.0 and B, = 0 
the stiffness factor will be 
K : (26) 
( 

Neglecting the shearing forces the above factor by means of Eq. (8) 

becomes 


K 3 - (27) 





Kia. & 


In case the actual moment at the far end 6 is known in advance to be 
equal and of the same direction to the actual moment at the 
unlocked end of the bar, Fig. 8, then substituting in Eq. (3) 

y (0) R, 0 y 1.0 and A, B, 
the stiffness factor will be 
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. | 
K = ee 5 ie had ade bss 
c—A 


Neglecting the shearing forces this factor by means of Eq. (8) 
reduces to 


K = 6 ) ape (29) 


If the actual moment at the far end 6 is equal but opposite in direc- 
tion to the actual moment at the near unlocked end a of the bar, 
Fig. 9, then introducing in Eq. (3) 


y = 0 R, = 0 yg = 1.0 and A, = B, 
the stiffness factor will be 
K : : ; nba eee 
C+ A 


Neglecting the deformation due to the shearing forces, the above 
expression by means of Eq. (8) becomes 


K = 2 .. (31) 


With the shearing forces neglected, it is more convenient to drop in 
Eq. (21), Kq. (27), Eq. (29) and Eq. (31) the numerical factors and 


7 ; I, ; 
distribute the unbalanced moment proportionally to provided the 








stiffness factors of the bars with end conditions known is multiplied 
by the factor of proportionality. This factor is the ratio of the stiff- 
ness factor of the bars with known end conditions to that of the fixed 
end bar. In addition the proper base system should be introduced. 
However, the full values of the previously derived expressions could 
be utilized equally well without the aid*of the proportionality factor 
and yet avoid the carrying over process. 


This last procedure is followed exclusively, if the shearing deforma- 
tion is considered for the reason that proportionality factors cannot be 
derived. In this case the stiffness factors as given by Eq. (26), Eq. (28) 
and Iq. (30) should be used. 
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Fixed End Moments—In the slope deflection and moment distribu- 
tion methods the base system is the beam fixed at both ends. There- 
fore, the same formulas are applied to both cases with the shearing 
forces neglected oder taken into account. However, in analysing 
rigid frames for sidesway by means of the moment distribution method 
the columns are assumed fixed at both ends but free to deflect laterally. 
In this base system, Fig. 10, the shearing deformation has no influence 
upon the fixed end moments. Under this condition therefore, shearing 
forces caused by the fixed end moments cannot be developed. 





ioe FUIGUAG 

“ 

yy Y 
Fic. 10 


As it is well known, the fixed end moments at both ends of the 

columns are 

Fa = F,= zs ee (32) 
in which Q — lateral shearing force acting at the middle of each column 
and h — their length. 

If one end of the frame or beam is hinged or freely supported, the 
earry Over process can be eliminated. In this case, however, the base 
system is the beam fixed at one end and hinged at the other. Taking 
into account the influence of the shearing deformation, the following 
moments by substituting \ = 0 in Eq. (6) and Eq. (7) are derived. 


Sa = Ro -er (33) 
cl 
and 
s. = 2... oe ee PEE ees : (34) 
cl 


It is obvious, that in Eq. (33) the hinge is at b and in Eq. (34) at a 
of the bar ab, respectively. : 

Inasmuch as this base system is unsymmetrical, Eq. (33) and Eq. 
(34) should be used even in the case of a symmetrical loading on the 
beam under consideration. 

If the influence of the shearing deformation is neglected, the fixed 
end moments for this base system are obtained by sustsituting Eq. (8) 
in Eq. (33) and Eq. (34), respectively. 
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APPLICATIONS 

The application of the generalized slope deflection and moment 
distribution methods to the analysis of rigid frames and continuous 
beams is similar to that of the standard slope deflection and moment 
distribution methods. Although these methods are well known and 
widely used, nevertheless a few numerical examples will be given here 
for the purpose of illustration and in order to show quantitatively the 
influence of the shearing deformation upon the bending moments of 
the structure. Each problem is solved twice by considering and 
neglecting the shearing deformation. 

SLOPE DEFLECTION METHOD 

The analysis of rigid frames and continuous beams by means of the 
moment distribution method is in general, more quick and simple 
than the analysis by the aid of the slope deflection method. For this 
reason the last method will be applied only to few comparatively 
simple problems. 
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Fic. 11-13 


Example 1—The reinforced concrete wall frame, Fig. 11, is 1.0 ft. thick with other 
dimensions, as shown. 


Considering the influence of the shearing deformation the frame constants are for 
columns ac and bd. 


LO ¢ So 
I - = 42.7 ft.', \ = 1.0 X 8.0 = 8.0 ft.’, 
2.7 
ym = §.34ft.2 and, according to Eq. (1), 
8.0 
15.0 5.34 3 15.0 
a. +29 X = §.0 + 1.03 = 6.03 ft., ~ = — — 1.038 = 1.47 ft. 
3 15.0 6 
72 = = 6.03? 1.47? = 34.2 ft.? 


EI = 288,000 < 42.7 = 12,300,000 kip ft. 
and for beam cd 
1.0 X 6.0 


8. 
—— = 18.0 ft.4, A = 1.0 X 6.0 = 6.0ft2, y =— = 3.0 ft.?. 
12 6.0 
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= OO + 29 x 3° — 5.330 + 0.544 = 5.8741 
¢ 3 é.t 16.0 = D.de .e = 9.3/ 3 
16.0 
A = ~~ — 0.544 = 2.126 ft., s*—d* = 5.874? — 2.126" = 30.0 ft.* 


EI = 288,000 X 18.0 = 5,200,000 kip ft. 

Assuming a concentrated load P = 25.0 kips, acting on the middle of span 
Fig. 12, then because of symmetry, the shearing deformation has no influence upon 
the fixed end moments. Therefore, using Eq. (14) 

25.0 X 16.3% 


L.=R, =— 16 “i = 6400 kip ft.’, and Eq (11) or Eq. (12) it is obtained 
}. 


2(2 * 6400 — 6400 
ae eee sok 50.0 kip ft. 
16.0? 
or briefer, 


25.0 X 16.0 


Pea = Fac =~ = = 50.0 kip ft. 
Applying Eq. (4) and Eq. (5) and remembering that due to fixity g. = ¢ = 0 
and symmetry gz = —¢-, and because y = 0, the moments at the joints are obtained 
12,300,000 x 1.47 
a —————— », = 893000 o, 
34.2 
| 12,300,000 x 6.03 
C. = 6 = 2,170,000 ¢ 
34.2 
and 


_ 5,300,000 x 3.75 
- 30.0 

From the equilibrium of moments around joint c 

(2,170,000 + 650,000) ». — 50.0 = 0 

follows 

¢ge = +0.000,017,75 and consequently ¢, = —0.000,017,75. 

Substituting these joint rotations in the above expressions the final moments are 
obtained. 

A. = +9.25, C. = +38.50, Ca = 38.50, D. = +38.50, D, = —38.50 
and Bz = —9.25 kip ft. 

By neglecting the influence of the shearing deformation, Eq. (9) and Eq. (10) are 
used. In this case the final moments at the joints will be 

A. = + 21.10, C, = + 41.80, Ca = —41.80, D. = +41.80, Ds = 41.80, 
and By, = —21.10 kip ft. 

Example 2—The same frame, as in the previous example, will be analyzed for a 
horizontal force P = 30.0 kips, Fig. 13, acting at joint c. 


GC. ¢- — 50.0 = 650,000 ¢. — 50.0 


Considering the influence of the shearing deformation and consequentiy using 
Eq. (4) and Eq. (5) in which g, = 0, because of fixity, the moments at the joints are 
1.47 ¢. — 7.50 y 

34.20 
6.089. — 7.50. 


We 2 a 279 ._ 9 807 
C, = 12,300,000 34.20 2,170,000y, 2,697, 500y 


A. = 12,300,000 = §27,500 ¢. — 2,697,500y 














ERE aa EY 


ee 
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5.8749. + 2.126¢4 a 
and Cz = 5,200,000 aes = 1,019,000¢. + 368,000¢, 
30.0 
Because of antisymmetry, the condition of equilibrium of moments around joint 
e and that of moments of column ac and story moment 14 X 30.0 X 15.0 = 225.0 
kip ft. furnish the following equations: 
3,557 ,000¢. — 2,697,500y 0 
2,697,500¢. — 5,395,000» = — 225.0 
Solving these equations simultaneously, the column and joint rotations are ob- 
tained, respectively: 


¥ = 0.000,067,23 ¢- = 0.000,050,953 ° 

Substituting these values in the above moment expressions and remembering that 
¢v- = ¢a, the final moments are: 

A. = —154.50, C, = 70.50, Ca = +70.50, D. = +70.50, D, = —70.50, 
and Bz; = —154.50 kip ft. 

The sidesway of the top of the frame is » = 0.000,067,23 « 15.0 = 0.00102 ft. 
= 0.0122 in. 

By neglecting the influence of the shearing deformation and consequently using 
Eq. (9) and Eq. (10) the final moments at the joints are: 

A. = —146.00, C, = 79.00, Ca = +79.00, D. = +79.00, D, = —79.00 
and By, = —146.00 kip ft. 

The sidesway in this case is 7 = 0.000,645 ft. = 0.00774 in. 

Example 3—The reinforced concrete beam, Fig. 14, fixed at both ends and freely 
supported at b, is 2.0 ft. thick. The other dimensions are as shown. The middle 
support of this beam yields by the amount 7 = yx in. = 0.0052 ft. It is required to 
determine the bending moments at the supports caused by this settlement. 

Considering the influence of the shearing deformation the constants of the beam 
are / = 36.0 ft., A = 12.0 ft.2, y = 3.0 ft. and EI = 10,400,000 kip ft.? 
In particular, they are for span ab, ¢ = 6.484 ft., A = 2.516 ft., @— = 35.71 
ft.2 and for span be, ¢ = 5.292 ft., \ = 1.713 ft., ¢ — »* = 25.05 ft.2 

+-0.0052 


The end conditions are for span ab, g = 0,¥ = a0 = +0.000,288,1, 
S. 
0.0052 
and for span be, ¢- = 0, ¥ = = —0.000,372 
14.0 
so that using Eq. (4) and Eq. (5) the moments at the joints will be 
10,400,000 
A, 35.71 (2.516¢, 0.000,288,1 * 9.0) = 732,000¢, 756.0 
oo0./ 
10,400,000 
B, = 35.7 (6.4849, 0.000,288,1 & $8.0) = 1,890,000¢, 756.0 
Ov. é 
10,400,000 - 
B. - (5.292¢, + 0,000,372 X 7.0) = 2,200,000¢, + 1080.0 
25.05 
10.400,000 
Cy = (1.713¢, + 0.000,372 X 7.0) = 710,000¢, + 1080.0 


2E.05 
From the equilibrium of moments around support } 
(1,890,000 + 2,200,000) ¢, 756.0 + 1,080.0 = 0 
follows ¢p 0.000, 079,2 
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Substituting this value in the above moment expressions the final moments 
the supports are derived. 


at 


A, = 814.00, B, = 906.00, B. = +906.00 and C, + 1023,80 kip ft. 

By neglecting the influence of the shearing deformation, that is, using Eq. (9) and 
Eq. (10) the final moments at the supports will be 

A, = —1150.80, B, = 1271.00, B, = +1271.00 and C, + 1465.50 kip ft 

Signs of Moments—In applying the slope deflection equations, all moments at th 
joints are assumed to act in a clockwise, that is, positive direction. The minus sign 
in the final results indicates that the direction of these calculated moments being 
counter clockwise, it must be reversed. 

Having thus found the direction of moments at the joints, the tension and com- 
pression side of the bar can be determined by the following rule. Standing at the 
end a of the bar ab, Fig. 15, and looking toward the other end 6, a positive, clock wise 
moment, close to the end a, produces compression at the left hand side of the bar 
and tension at the opposite side. For a negative, counter clockwise moment the 
reverse is true. 

MOMENT DISTRIBUTION METHOD 

In many cases the simplest and quickest way to analyze rigid 
frames and continuous beams, when the shearing deformation is 
neglected, is by means of the moment distribution method. The 
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same is true when the influence of the shearing deformation is taken 
into account. 


oe 


Example 4—<A reinforced concrete corridor slab 1.0 ft. thick, Fig. 16, is subjected 
to lateral loads, in span ab, 0.500 kip ft., in span be, P 30.0 kips and in span cd, 
0.300 kip ft. The depth of this slab in horizontal direction in the building is 11.0 ft. 
and the spans as indicated. Furthermore, it is assumed that the slab is freely sup- 


a ee ee 


ported by the four walls thus forming a continuous beam. 


Taking into account the influence of the shearing deformation, the beam constants 


are I 111.0 ft.4, A 11.0 ft.2, 4 10.1 ft.2.. In addition they are, for span 
ab, ¢ Vion Pe Lae ft. te 56.2 ft.2 and, according to Eq. (20,) 
: 7.62 x) 1.38 
K ise = 15.05 ft.2 and Eq. (ts), 2 0.181. for span be, 
56.20 7.62 
t ; 6.44 
r = 6.44ft., Xr 2.00 2.44 0.44 ft., & 2 41.3ft? K = 111.0 X 113 
J 0.44 
= 17.25 ft.3, B a4 0.0685 ft. and for span cd, ¢ = 7.16 1t., A = 0.84 ft., 
b. 
ee” : 7.16 . : 0.84 a 
{2 2 50.50 ft.2, AK mia = 15.75 it.3, B = = 0.1175. Note, 
£0.5 7.16 


in this connection, the negative values of \ and g in span he. This indicates the pre- 
dominance of the shearing deformation, as stated previously. 


? ; 15.05 _ 17.25 
The percentages of the stiffness factors are for support b, — = 0.467, —— = 
32.30 32.30 
a 17.25 r 15.75 B os 
0.533 and for support c, - = ().523, = 0.47; 
33.00 33.00 


The fixed end moments for span be, according to Eq. (13) 


30.0 * 4.0 
(12.0? 1.0?) 2560 kip ft. 
6 
30.0 & 8.0 
R, (12.0 &.0°) 3200 kip ft. 
6 
7 


and Eq. (6) and Eq. (7) are respectively 


3200 * 6.44 (2560 x 0.44) : 

S; 43.75 kip ft. 
41.3 X 12.0 

: 2560 * 6.44 (—3200 x 0.44) 

S.1 = $4.70 kip ft. 


41.3 X 12.0 
for span ab, according to Eq. (15) 
0.500 & 18.04 ‘ 
L,=R 24 2180 kip ft. 
and Eq. (11) or Eq. (12) are 
: : 2(2 X 2180 — 2180) 
Fay Fra = = 13.50 kip ft. 
18.0° 
or more simple 


’ 7 0.500 X 18.0? ve 
For = Fra 13.50 kip ft. 


12 
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and for span cd will be 
| 0300 16.0 
Poa = Fae = 12 = 6.40 kip ft. 
With the beam constants and fixed end moments thus computed, the moment 
distribution, as shown in Table 1 being self explanatory, further comments are not 


necessary. 
The final moments over the supports are 
B, = —28.17, B. = +28.17, C, = 19.73 and C, = +19.73 kip ft. 
TABLE 1 
a b ( d 
ts Ap —— ae ye Be - Cy ; Ca D- 
0.467 0.533 0.523 0.477 
0.181 0.181 0.0865 0.0865) 0.1175 0.1175 
+13.50 |4+13.50 ||—13.50 |+43.75 |+30.25 34.70 |+ 6.40 28 .30 6.40 6.40 
13.50 14.15 16.10 +14.80 |+13.50 +6.40 
2.56 2.56 2.44 1.28 3.72 +1.39 +1.00 +2.39 +1.58 +1.58 
+2 56 +1.74 +1.98 1.25 1.14 1.58 
+0.31 +0.31 +0.46 +O0.11 +0.57 0.17 0.19 0.36 0.13 0.13 
0.31 0. 26 0.31 +0.19 +0.17 +0.13 
0.05 | 0.05 0.06 0.02 0.08 +0.03 +0.01 +0.04 +0.02 +0. 02 
+0.05 +0.04 +0.04 0.02 0.02 0.02 
0.00 28.17 |+28.17 19.73 |+19.73 0.00 


Neglecting the influence of the shearing deformation, the final moments after four 
distributions are 

B, = —34.60, B. = +34.60, C, = 21.00 and Cy, = +21.00 kip ft. 

Example 5—The reinforced concrete wall frame 1.0 thick, Fig. 17, is symmetrical 
and symmetrically loaded. The other dimensions are as shown. This frame is sub- 
jected to concentrated vertical loads, Fig. 18, which are P 12.0 kips in span eg 
and hg and P = 10.0 kips in span gh. 


100 Ae . 


| | 


/20 
AO 1.20 180 120 70 | U0 _| 


' 





e | 9 DP 


VAXL, 
% 
S 


| 


40 | ao. 
a > athe ter 


Fic. 18 

















Considering the influence of the shearing deformation, the frame constants are 
for columns ae and fd, I = 83.3 ft.4, A = 10.0 ft.2. 8.33 ft., ¢ = 6.61 ft 
= 0.89 ft., ¢ M2 = 42.80 ft.2, K = 12.85 ft.3, g = 0.134, for column bg and 
ch I = 42.7 ft.4, A = 8.0ft., 7 = 534ft.2, ¢ = 6.03ft,A 1.47ft., ¢ v= 














Shearing Deformation in Continuous Beams and Rigid Frames 183 


34.2 ft.2, K = 7.54 ft.°, g = 0.243, for beams eg and hf, I = 18.0ft., A = 6.0 
ft2, y = 3.0ft.2, ¢ = 648 ft.. r» = 2.52 ft., 2 = 35.6 ft.2, K = 3.29 ft.3, 
B = 0.389, and for beam gh, J = 18.0 ft.4. A = 6.0ft.2, y = 3.0ft.2, ¢ = 5.874 
ft.. » = 2.126 ft., ¢ ? 30.0 ft.2, K = 3.52 tt.3, 8 = 0.362. 


The percentages of the stiffness factors are for joint e, 0.796, 0.204 and for joint g, 
0.247, 0.231, 0.522. For the other joints the values are symmetrical. 
The fixed end moments for span eg and hf according to Eq. (13) 
12.0 < 11.0 


L, = - X 203.0 = 4460 kip ft.s 
) 
12.0 x 7.0 
R, - — x 275.0 = 3850 kip ft.3 
) 


and Eq. (6) and Eq. (7) are 


3850 &K 648 4460 & 2.52 
eg = 21.40 kip. ft. 
35.6 & 18.0 


S 


: 1460 X 6.48 3850 & 2.52 : 
Bis : 30.10 kip. ft. 
39.6 & 18.0 
and for span gh will be 
10.0 & 16.0 


Fy = F, = 20.00 kip ft. 
Ss 


The final moments after three distributions, taken from Table 2, are 

A. 2.37, Ea 17.94, E +17.94, G, 28.90, G, = +22.09, 
G, +6.81 and B + 1.61 kip ft. 

The other moments at the joints are symmetrical. 

If the influence of the shearing deformation is neglected the final moments after 
three distrbutions, are 


TABLE 2 


t “ b 

\ I I G. G G B 
0.7% 0.204 0.231 0.247 0.522 
0.134 0.389 0.389 0. 362 0.243 

+21.40 +21.40 30.10 +2000 10.10 

17.03 1.37 2.33 2.50 27 

» OK 0.90 0.90 1.74 0.90 2.64 1.28 
0.72 0.18 0.61 of l S 

0.09 +0. 24 +0. 24 0.07 0 24 0.31 +0.33 
0.19 0.05 0.07 0.08 0.1 

2.37 17.94 | +17.94 28.90 | +22.09 +6.81 +1.61 

A, 9.00, E, 18.17, E -18.17, G, 29.98, G, + 21.68, 
OF +8.30 and B, + 4.24 kip ft. 


The other moments at the joints are symmetrical. 
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Example 6—The same trame, as in the previous example, will be analyzed for a 
horizontal force P 25.0 kips, Fig. 19, acting at joint e. Under this loading the 
frame is subjected to sidesway. 

Considering the influence of the shearing deformation and assuming tentatively 
a moment of 100.0 kip ft., acting in a clockwise direction at the ends of column ae 
and df, then, in order to have the same deflection, because of the continuity of the 
structure, both ends of column bg and ch must be acted upon in a clockwise dire ction 

7.54 


by the moment, 100.0 X 128 = +58.8 kip ft., the beams, of course, heing 


o.oo 
assumed rigid. 
Table 3 shows the distribution of these moments after unlocking the joints. 
For equilibrium, the column moments for half of the frame 
89.41 + 23.63 + 34.04 + 52.70 = 199.78 kip ft. 
should be equal to the half of the story moment caused by the external force, or 
14 X 25.0 X 15.0 = 187.50 kip tt. 


TABLE 3 
4 £ b 
\ | Es» G G G B 
0.796 0.204 0,231 0, 247 0.522 
0.134 0.389 0.389 0.362 0.243) 
+100.00 + 100.00 +100.00 +5850 58 50 +58 50 
79.60 20.40 13.50 14.50 0.50 | 
11.15 5.25 9.25 7.92 5.25 13.17 7.50 
+4.18 +1.07 +3.05 +3.25 +} $7 
LQ 56 +1.19 +1.19 +042 +1.18 | +1.60 +-1.70 
0.95 0.24 0.37 0.40 0.83 
+29 41 +-23.63 | 23.63 IS 32 15.72 34.04 2 70 


The above distributed moments have been derived from arbitrarily chosen mo- 
ments. In order to find the actual moments therefore, the final moments of Table 3 


: 187.50 
should be multiplied by the factor of proportionality 199.7 0.938. 
7 IIIS 
Hence, the real moments are 
A. = +83.60, FE, = +22.20, E 22.20, G, 17.20, Gy 14.80, 


G, = +32.00 and B, +-49.50 kip ft. 


LTT I ce 
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The remaining moments at the joints are antisymmetrical. 

Neglecting the influence of the shearing deformation and proceeding in a similar 
manner, the final moments at the joints will be 

Be +76.40, E, +23.60, E 23.60, G, = 19.40, G, = 16.80, 
G, = +36.20 and B, + 51.25 kip ft. 

The other moments at the joints are antisymmetrical. 


The same problem can be solved by an indirect method.* Thi: method, which 
will be extended to cover the influence of the shearing deformation, has the advantage 
in case of frames with several stories, that the simultaneous equations obtained, as 
will be shown in the next example, are avoided. This is done, of course, at the 
expense of brevity. 

Considering the influence of the shearing deformation, the external force P = 25.0 
kips for half of the frame is distributed to the columns, because of equal height, in 
proportion to the stiffness factors, or 

12.85 7.54 
14 X 25.0 Xx 7.90 and % X 25.0 xX —— = 4.60 kips 
20.39 20.39 
so that, according to Eq. (32), the fixed end moments are 

Fea 7.90 X % X 15.0 59.00 kip ft. 

FP, F 5p 160 x % 15.0 = 34.50 kip ft. 

After unlocking and distributing to the whole frame three times, the final moments 
are A, +53.01, E, +13.97, E 13.97, G, 10.83, G, = 9.2% 
Gy +20.06 and B, +31.10 kip ft. 

Inasmuch as the sum of the column moments 53.01 + 13.97 + 20.06 + 31.10 = 
118.14 kip ‘t., is not equal to the half of the story moment, 4 X 25.0 X 15.0 = 
187.50 kip ft., the difference 69.36 kip ft. is distributed to the columns for the second 
time. 


’ 


12.85 - 7.54 : ; - 
xX 69.36 13.66 and — X 69.36 = 25.70 kip ft. 
20.39 20.39 
so that the moments at the column ends are 
Fue = F, 16 X 43.66 = 21.83 kip ft. 
and F, Fos 14 X 25.70 12.85 kip ft 


Distributing these moments to the whole trame, the final values of the second 


distribution are A, +19.62, E, +5.16, E 5.16, G, 4.02, 
G, 3.45, G; +7.47 and B + 11.59 kip ft. 
The sum of the column moments 19.62 + 5.16 + 7.47 + 11.59 = 43.84 kip ft., 


added to the sum 118.14 kip ft. of the first distribution gives 161.98 kip ft. The 
difference, 25.52 kip ft., between this value and that of the half story moment, is 
distributed again, so that after six such distributions the final moments at the joints 
are obtained by addition. 

The sum of the column moments after six distributions is 187.01 kip ft. which, 
compared with the half story moment, 187.50 kip ft., differs only by 0.49 kip ft. 
This difference is sufficiently small to be neglected. Table 4 shows the results of 
the six distributions together with the final moments at the joints. 

ri +83.85, E, +22.14, E 22.14, G, = 17.15, G, 14.66, 
G, +31.81 and B +49.21 kip ft., which, for all practical purposes, agree well 
with those determined previously. 


*The moment distribution method of structural analysis extended to lateral loads and members of 
variable section. By George FE. Large and Clyde T. Morris. Engineering Experiment Station, Bulletin 
No. 66, Ohio State University, Columbus 1931 
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TABLE 4 

a ri zg b 

+ yee Es Ey G. Ga | Gs B, 
~ $53.01 || $13.97 | 13.97 10.83 9.23 +20.06 +31.10 
419.62 ||  +5.16 5.16 4.02 3.45 +7.47 $11.59 
+7.22 || +1.89 | 1.89 1.48 | 1.25 | +2.73 +4. 24 
$2.66 || ; +0.74 0.74 0.55 0.49 +1.04 +1.52 
+0.98 || +0.28 0.28 0.21 0.18 +0.39 +0. 56 
‘i “40.36 +0.10 0.10 0.06 0.06 0.12 +0 .20 
483.85 || 422.14 | 22.14 17.15 14.66 | +31.81 +4921 





§ 
\ 
9 & x 
“| > i R 




















S| 14 { 
oO 7 L 25.0 a 























Fic. 20 


Example 7—The lower story of the symmetrical frame, Fig. 20, is of reinforced 
concrete 1.0 ft. thick with the other dimensions as shown. The upper story is of 
structural steel. The frame is acted upon by the lateral loads 5.0 and 15.0 kips at 
joints g and c, respectively. 

The sections of the members in the upper story being very thin as compared 
with their lengths, the influence of shearing deformation is negligible. 

Inasmuch as the frame is composed of two different materials, the stiffness factors 
should be multiplied by the respective modulus of elasticity. The carry over factor, 
on the other hand, is independent of this elastic constant, as it is stated previously. 

The columns cg and hd are composed of 10 in WF 49 lbs. with the constants 

0.0132 


I = 0.0132 ft.4. EH = 4,160,000 kip/ft.? for steel, K = 3.0 0.0011 ft.* and 
K’ = 4,160,000 < 0.0011 = 4570 kip ft. The beam is composed of 12 in. J 31.8 lbs 
: ; 0.0104 
with the constants 7 = 0.0104 ft... K = ma 0.000416 ft.? and 
“0. 


K’ = 4,160,000 X 0.000416 = 1730 kip ft. 


Taking into account the influence of the shearing deformation, the constants of 
the lower story are for column ac and bd, / 18.0 ft.4, A 6.0 ft.2, y~ = 3.0 ft.? 


¢ = 6.58 ft., 9 = 1.92ft., ¢—dr*? = 27.40ft.,2 K = 3.67 ft. and with E 288.000 
kip/ft.? for concrete, K’ = 288,000 X 3.67 = 1,056,000 kip ft., g = 0.344 and 


' 
i] 
' 
: 
; 


gg reer 
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for beamcd, J = 5.33 ft.4, A = 4.00ft.2, 7 = 1.33 ft.2, ¢ = 8.48ft., rv» = 4.02 ft., 
f— * = 55.80 ft.2, K = 0.81 tt.5, K’ = 234,000 kip ft., 8 = 0.474. 


The percentages of the stiffness factors are, for joints c and d 


1,056,000 234,000 4,570 
— = 0.816, = 0.1809, = 0.0031 
1,294,570 1,294,570 1,294,570 
and for joints g and h 
0.0011 oii 0.000416 ro 
— - = 0.725 an = 0.275 
0.001516 0.001516 


Assuming tentatively an arbitrary moment of 100.0 kip ft., acting at both ends 
of columns ac and db, all other members being assumed rigid, unlocking and distri- 
buting three times, Table 5 is obtained. In the same way, assuming a moment of 
100.0 kip ft. acting at the ends of columns cg and dh, all other members being rigid, 
Table 6 after four distributions is obtained. 


TABLE 5 








Cc z 
\ Cc. Cy Ca Ge Ga 
0.816} ).003 0.181) 0.725 0 275 
0.344 0.500 0 174 0.500 0.500 
+100 00 +100.00 | +100.00 
81.60 0 30 18.10 | 
28 10 S SS 8 58 0 15 0.15 
7.00 | + O83 +1.55 ; +O. 11 +0. O04 le 
2.41 0.05 0.73 0.78 +0 O] 0.02 | “+40 03 
0.64 0.00 0.14 0.02 0.01. ‘ 
+74.31 4. 7¢ 0.22 24.54 0.05 | 0.05 : 
TABLE 6 
4 ( g 
A ( ( Ca G G ee 
OSE 003 0.181 0.725 0.275 
0.344 0.500 0.474 0.500 0.500 
+ 100.00 + 100.00 100.00 +100 00 
‘ 81.60 0.30 18.10 72.50 27 . 50 a 7 
28.10 36.25 8.58 14.83 0.15 ' 13.75 ; 13 90 
7 6.60 0.13 8.10 whale 10.10 , 3 80 SS oat 
12 70 | Le O5 +3 84 ad +8. 89 L0.06 | 41.90 a aa 96 
7.25 0 03 1.61 1.42 0.54 | J 
> 5) 0.71 0.76 1.47 0.01 0.27 | 0.28 
1.20 0.00 0.27 0.20 0.08 |" ve 
] 90 1.05 a gO 16 84 35 28 ¢ a : 


Inasmuch as the sum of column moments of each story is not equal to the moments 
of the story shear 4 (15.0 + 5.0) 15.0 150.0 and 16 x 50 &K 12.0 = 30.0 
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kip ft. it is evident, that these sums should be multiplied by the proportionality 
factors x and y. In this way for half of the frame, because of antisymmetry, the 
following equations are derived. 
+99.072 — 68.95y = 150.0 
0.27z + 104.17y = 30.0 
which solved, give x = 1.72 and y = 0.289. 
Using these values the final moments are 
A. = 74.31 X 1.72 — 17.90 XK 0.289 = +122.83 
C, = 24.76 X 1.72 51.05 X 0.289 = +27.80 


ERE gener eee 


Ca = —24.54 X 1.72 — 16.84 X 0.289 = —47.07 
C, = —0.22 X 1.72 + 67.89 X 0.289 = +19.27 
G. = —0.05 X 1.72 + 36.28 < 0.289 = +11.41 

and G, = +0.05 X 1.72 — 36.28 X 0.289 = —11.41 kip ft. 
Neglecting the influence of the shearing deformation and proceeding similarly, 

the final moments at the joints after three distributions are A, = +121.18, C, 

+29.38, Ca = —48.52, C, = +19.14, G. = +10.80 and G, = —10.80 kip ft. 


It is perhaps not superfluous to mention in passing, that the number of simultan- 
eous equations obtained by this method, is equal to the number of stories. These 
equations, however, can be solved quickly and without much trouble by iteration, 
as shown elsewhere. * 
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Example 8—The reinforced concrete beam continuous over three supports with 
spans |, = 16.0 ft. and 1, = 12.0 ft., Fig. 21, is 8.0 ft. deep and 2.0 ft. thick. It is 
required to determine the moment over the middle support, produced by a known 
settlement. 

Considering the influence of the shearing deformation, the beam constants are 
I = 85.3 ft.4, A = 16.0 ft.2, 7 = 5.32 ft.2 and HJ = 24,600,000 kip ft.,? so that 
for span ab, ¢ = 6.292 ft., \ = 1.708 ft., ¢? — = 36.70 ft.2, (A Ok 
—73.50 ft.2, K = 14.65 ft.4, g = 0.272 and for span be, ¢ 5.285 ft., 


0.715 ft., ¢?—d = 27.40ft2, (A—Oh = —54.90ft.2, K = 16.50ft.2, g = 0.135 
When support b yields by a known amount 7 js in. = 0.0052 ft., the fixed 
end moments, according to Eq. (22), will be i 
—0.0052 . 
Ay = By = 24,600,000 —~)— = +1750 kip ft. 
— {9.0 | 
+0.0052 

and B, = Cy, = 24,600,000 — 54 > = -—2380 kip ft. 
OF. 


Distributing these moments five times, as shown in Table 7, with the percentages 
of the stiffness factors 0.471 and 0.529 for support 6, the final moment over this 
support will be 

B, = +1607.25 and B, = —1607.25 kip ft. 








*Analysis by moment distribution aided through use of iteration. By A. Floris, Engineering News 
Record, June 25, 1936, p. 922 
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If the influence of the shearing deformation is neglected, then using Eq. (23), the 
fixed end moments are 
0.0052 


A, = B, 6 X& 24,600,000 + 2990 kip ft. 
16.0? 
+-0.0052 : 
and B, C, 6 & 24,600,000 oa 5320 kip ft., 


so that the final moment over the middle support after two distributions, others 
being not necessary, will be 
B, +1995.00 and B 1995.00 kip ft. 











Example 9—The symmetrical and symmetrically loaded reinforced concrete frame, 
Fig. 22, is hinged at a and b and freely supported at c and f. Span cd and ef is loaded 
with 2.0 kip/ft. and span de with 3.0 kip/tt. The frame is 1.0 ft. thick with a depth 
8.0 ft. for the beams and 6.0 ft. for the columns. The spans of the beams and the 


lengths of the columns are as indicated. 


TABLE 7 
‘ b 
\ B B ( 
0.471 0.529 
0.272 0.272 0.135 0.135 
1740 00 + 1740.00 + 1740.00 2330.00 590.00 2330.00 2330.00 
1740.00 +278 00 +312.00 + 2330.00 
+75. 50 75.50 173.00 +315.00 158 00 +42 20 | +42.20 
75.50 74.40 -S3.60 42.20 
+ 20.30 +20. 30 20.50 5.70 26.20 11.30 11.30 
20.30 | 12.35 13.85 11.30 
+335 + 3.35 5.53 + 1.53 1.00 + 1.87 +1.87 
3.35 1.80 2.11 1.87 
0.51 0.51 0.91 0.25 1.16 0.28 0.28 
0.51 0.55 0.61 0.28 
0.00 +1607, 25 1607.25 0.00 


The moments at the supports are zero, while at the ends of beam de are equal but 
opposite in sign. For this reason the final moments at the joints can be found directly 
by means of a single distribution without the carrying over process. 
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Taking into consideration the influence of the shearing deformation, the constants 
of the frame are for beam cd, de, ef I 42.70 ft.4, A 8.00 ft.2, y = 5.34 ft. 
and for column ad, be, J = 8.0 ft.4, A = 6.0 ft.2, 3.0 ft.2. In particular they 


are for beams cd, ef ¢ = 6.570 ft., \ = 1.920 ft. and according to Eq. (26), K 
42.70 aes — 
os = §.50 ft.3, for beam de, ¢ = 6.861 ft., >\ = 2.139 ft., & +A 9.00 ft. and 
6.570 
: : _ 42.70 vis . 
according to Eq. (30), K = 900 ~ 4.75 ft. and for columns ad, be, ¢ = 5.580 ft. 
; : ‘ , 18.0 F 7 
= 1.920 ft. and according to Eq. (26), K : ae 3.23 ft. 
5.5! 


Using Eq. (15) 


2.0 * 17.04 : ‘ 
.— 24 —- = 6980 kip ft.’ the fixed end moments for beam cd, according 


Lo 


6980 

” 6.57 X 17.0 
and the fixed end moments for beam de, will be 
3.0 &K 18.0? 


to Eq. (34) is Su. = 62.50 kip ft 


Pace = Fea 12 81.0 kip ft. 
TABLE 8 
d 
LD). DD. Da. 
0.448 0.329 0.223 
62.50 +81 00 +18 50 
8.30 6.07 | 4.13 | 
70.80 +74.93 4.13 


By the aid of these moments and the percentages of the stiffness factors, 0.448, 
0.327 and 0.223, the final moments after a single distribution, taken from Table 8, 
are D. = —70.30, D, +74.93 and D, 4.13 kip ft. 

The other moments at the joints are symmetrical. 

If the influence of the shearing deformation is neglected, the final moments deter- 
mined by one distribution only, will be 

D, = —76.53, D, +78.47 and D, 1.94 kip ft. 

The remaining moments at the joints are symmetrical. 

If the frame is fixed at a and b, the moments at these points are determined by 
multiplying the distributed column moments at d and e by the carry over factor 
of Eq. (17) or Eq. (18). 

Example 10—The reinforced concrete closed frame, Fig. 23, is 1.0 ft. thick with 
a depth 6.0 ft. for the beams and 8.0 ft. for the columns. The concentrated loads 
40.0 kips are acting on the middle of both beams and in the same direction. The 
span of the beams is 20.0 ft. and the length of the columns 15.0 ft. 

Owing to symmetry, the column moment at a is equal and of the same direction to 
the column moment at c. The same is true for the column moments at 6 and d. 








a 
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The beam moments are necessarily equal but of opposite direction to these column 
moments. The former are also equal but opposite in direction. This being the 
case, the moments at the joints can be determined quantitatively by means of a single 
distribution. 


If the influence of the shearing deformation is taken into account, the constants of 
the frame are forthe beams / 18.0 ft., A =6.0ft.2, y =3.0ft.2, ¢ = 7.035 ft., 


18.0 
h = 2.895 ft., [+A 9.930 ft. and according to Eq. (30), K 9.93 = 1.815 ft.3, 
and for the columns J 42.70 ft.4, A 8.00 ft.2, y~ = 5.34 ft.2, ¢ 5.775 ft., 
iii , . - 42.7 
h = 1.725it., ¢ 4.050 ft. and according to Eq. (28), K 5 Og 10.56 ft.2 
4.05 
; 40.0 X 20.0 
Fea Fa. FPF. Fra 8 100.0 kip ft. 


With these moments and the percentages of the stiffness factors 0.146 and 0.854 
the final moments at the joints determined after one distribution, as shown in Table 


9, are A, +85.40 and A, 85.40 kip ft. 
TABLE Y 
" 
Ap Ae 
0.146 0.854 
+ 100.00 + 100.00 
14.60 85.40 
+85.40 85.40 


As it is stated previously, the moments at the other joints are the same. 


Neglecting the influence of the shearing deformation and applying one distribu- 


tion only the final moments will be 
A, +-90.50 and <A 90.50 kip ft 


The moments at the other joints are equal to the above 
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Signs of Moments—The signs of the final moments, obtained by means of the 
moment distribution, are opposite to the signs of the corresponding moments, deter- 
mined by the aid of the slope deflection method. Consequently, the rule for finding 
the tension and compression side of the bar, given in the slope deflection method, 
should be modified as follows. A negative, counter clockwise moment produces 
compression at the left and tension at the right hand side of the bar under consider- 
ation. 


CONCLUSIONS 
From the above numerical examples it is readily seen that the 
greater the depth of the bars in comparison with their length, the 
greater will be the influence of the shearing deformation. 


The design of buildings to resist earthquakes through the use of 
walls, wall frames and floor slabs is well extablished in California and 
elsewhere. For this reason, it is hoped, that the proposed generalized 
deformation methods will find a wide application to the seismic analysis 
of structures. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by February 1, 1938. For 
such discussion as may develop readers are referred to the JOURNAL 
for March-April 1938. 
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Beamless reinforced concrete steps 
E. Suenson. Beton u. Eisen, V. 36, No. 19, p. 308, Oct. 5, 1937 Reviewed by A. U. THever 


A brief description of a simple method of designing reinforced concrete steps 
without longitudinal beams. 


The combined centrifugal and gravity air separator 
Jacosp Herp. Tonindustrie Zeitung, V. 61, No. 77, 78, p. 860-2, 871-3, Sept. 27, 30, 1937 
Reviewed by A. E. Berriicu 
Continuing his series of articles on industrial air separators, the author describes 
designs and illustrates the efficiencies of various types of separators in which the 
principles of centrifugal and gravity separation are combined. 


Design of domes 
J. 8. TerniInoron Concrete and Constructional Engineering, V. 32, No. 8, p 460-472, Aug. 1937 
Reviewed by GLENN Murpuy 
This, the first of a series of articles dealing with the design of domes, presents the 
general condition of stability, calculation of stresses caused by uniform load, and by 
concentrated load at the crown. An example is given. 


Design of domes—2 


J. A. Terrincton. Concrete and Constructional Engineering, V. 32, No. 9, p. 542-548, Sept. 1937 
Reviewed by GLENN Murpuy 
This installment gives analytical and graphical methods of determining the 
stresses in a thin spherical dome of varying thickness carrying no external load. An 
illustrative example is given. 


Testing of concrete aggregates for their content of undesirable 
admixtures 
Anonymous. Tonindustrie Zeitung, V. 61, No, 80, p. 889-91, Oct. 7, 1937 
Reviewed by A. E. Berriuica 

The tentative testing method developed by the German Association for Testing 
Materials deals with the following points: (1) definition and classification; (2) 
occurrence and sampling; (3) texture and mineralogical character; (4) determination 
of the content of loam, clay, very find sand, organic impurities, and sulfur compounds 
such as gypsum and pyrites, and (5) determination of the development of strength 
In concrete 
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The plastic theory 
Concrete and Constructional Engineering, V. 32, No. 9, p. 505-508, Sept. 1937 
Reviewed by GLENN Murpuy 
An editorial comparing the limitations of the reinforced-concrete beam theory in 
general use with some of the uncertainties of the new theories which do not use a 
relation between the moduli of elasticity of steel and concrete. 


Studies on a rotary cement kiln 

H. Gyat. Tonindustrie Zeitung, V. 61, No. 61, p. 675-8, Aug. 2, 1937 Reviewed by A. E. Berruicr 
An excerpt from the thesis entitled, Heat Technical Studies of a Rotary Kiln for 

the Manufacture of Portland Cement Clinker. By means of 8 sensitive pyrometers 

installed over the entire length of a commercial 258-ft. rotary kiln, the temperatures 

of gases, kiln, and charge were measured and made the basis for a detailed heat 

calculation. 


Alveley bridge—cantilevered centering 
A. P. Mason. Concrete and Constructional Engineering, V. 32, No. 8, p. 453-459, Aug. 1937 
Reviewed by GLENN Murpuy 
Description of the construction of a reinforced-concrete bridge with a center span 
of 150 ft. and two end spans of 60 ft. without the use of falsework under the center 
span. The main span was cantilevered out from the supports at each end in lengths 
of 5 ft. per touring until the center gap was short enough to close in one operation. 


Ornate decoration cast in arches 
Engineering News-Record, V. 119, No. 16, p. 644, Oct. 14, 1937 
teviewed by S. J. CHAMBERLIN 
An intricate pattern formed in plaster was recently successfully reproduced in 
monolithic concrete in a mausoleum at Glendale, California. The forms for the con- 
crete arches were of plaster, placed in sections and the joints sealed. The intricate 
pattern and fine details were faithfully reproduced. 


Pre-cast concrete in Holland 
Concrete and Constructional Engineering. V. 32, No. 8, p. 473-482, Aug. 1937 
teviewed by GLENN MurRpPHY 

Description of processes used in manufacture of piles, columns, beams, and roof 
trusses. A 1:1:314 mixture with a low water-cement ratio is typical. Consolidation 
is obtained by dropping the forms through about !4 in. 150 times per minute during 
the casting process. An average compressive strength of over 9300 p.s.i. at 28 days 
is attained. 


The accuracy of the pipette apparatus of Andreasen 
SorEN Bera. Tonindustrie Zeitung, V. 61, No. 70, p. 787-8, Sept. 2, 1937. 
Reviewed by A. E. Brirticu 

With reference to a previous paper by Szinger and Weil (Tonindustrie Zeitung, 
No. 51-52, 1937) the author states that the long duration of the Andreasen method 
of determining the size fractions of portland cement is due to the higher viscosity of 
ethylene glycol which is used instead of alcohol. Ethylene glycol has the advantage 
of better peptization of the ground cement. The accuracy of the method is 2 to 
5 per cent but in most cases better than 2 per cent. The paper is followed by a 
reply by Szinger and Weil. 
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The modular ratio 
Concrete and Constructional Engineering, V. 32, No. 9, p. 517-531, Sept. 1937 
Reviewed by GLENN MuRPHY 


A continuation of discussions of the new methods of design of reinforced concrete 
beams. R. Maillart presents some additional test data and Dr. K. Hajnal-Konyi 
compares several methods, and indicates several points yet to be settled. 


Pre-stressed reinforced concrete and its possibilities for 


bridge construction 
Ivan A. Rosov. Proc. Am. Soc. C. E., V. 63, No. 7, p. 1277-1301, Sept. 1937 
teviewed by H. J. Gitkey 


Main advantages of prestressing steel are given as absence of tensile cracks, 
decrease in amount of diagonal tension reinforcement required, and decreased 
weights of members for given strength and stiffness. Pre-stress in steel should be 
high enough to place entire beam cross-section in compression. High yield-point 
steel should be used with a pre-stress of from 50 to 75 per cent of its yield-point 
strength. Necessary precautions are mentioned and data are presented from limited 
French and American tests. Paper includes modified design formulas. 


Studies on the constitution of portland cement clinker 
B. Tavasci. Tonindustrie Zeitung, V. 61, No. 44-45, p. 487-90, 502-4, June 3, 7, 1937. 
Reviewed by A. E. Brerr.icu 


By using 8 different etching reagents, the author succeeded in identifying various 
clinker minerals in polished and etched fractions. Alite is tricalcium silicate. Belite 
consists of dicalcium silicate in the alpha and beta form and an unstable intermediate 
form. Celite is composed of an intimate mixture of two components; namely, Celite 
A, which is tricalcium aluminate, and Celite B, which is tetracalcium alumino 
ferrite. Quantitative measurements were not made. 


Centrifugal air separators 
Jacosp Herp. Tonindustrie Zeitung, V.61, No. 57, p. 633-5, July 19, 1937 
Reviewed by A. E. Beir.icnu 


A review is given of designs of various types of centrifugal air separators and a 
discussion of their efficiencies. Five basic principles for air separation have been 
worked out: (1) pure gravity separation; (2) gravity separation with slight centrifugal 
action; (3) gravity separation with stronger centrifugal action; (4) centrifugal separ- 
ation with slight gravity separation, and (5) pure centrifugal separation. 


New observations on the hardening of Sorel cement 
V. Ropt. Zement, V. 26, No. 36, p. 597-602, Sept. 9, 1937 Reviewed by L. T. BROWNMILLER 


The hardening of Sorel cement or magnesium oxychloride cement, is due to a slow 
slaking of burned magnesite under the action of MgCl, - 3 MgO - XH.O and Mg(OH).. 
This article gives some theories of the hardening of the cement and the compositions 
of some of the products formed during hardening. Very few physical data are given, 
but recommendations are included for the best success with the product. 


Studies on the constitution of fused cements 
B. Tavasct. Tonindustrie Zeitung, V. 61, No. 65-66, p. 717-9, 729-31, Aug. 16, 19, 1937. 
Reviewed by A. E. Berriicn 


A petrographic study of the system CaQ-Al,O;-SiO, in the region of fused cements 
has led to the observation that the compound C;A; does not exist but that a com- 
pound CA, is present. The latter, to which the optical properties of C;A; had been 
attributed previously, melts at about 1765°C. with decomposition and formation of 
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Al,O,; crystals. Applying the same etching method to a high aluminous cement, a 
complete study of its structure was possible, and the various compounds could be 
identified. The chemical composition could be calculated. 


Bridges on the Merrett Parkway 
L. G. Sumner. Engineering News-Record, V. 119, No. 13, p. 501-506, Sept. 23, 1937 
Reviewed by 8. J. CHAMBERLIN 


The Merritt Parkway in Fairfield County, Conn., requires 70 bridges, distinguished 
by special surface treatments and cast ornamentation. After carefully balancing the 
costs and the final appearance of the structures it was decided to build them essen- 
tially of concrete with surface treatments and cast details. Plaster molds were used 
for precasting the concrete ornaments. Two-color “sgraffitto” work, consisting of 
preparing the precast blocks in two courses poured monolithically, was used to 
advantage. 


Balancing costs in winter concreting 
D. 8. MacBripe. Engineering News-Record, Vol. 119, No. 20, p. 795-797, Nov. 11, 1937 
Reviewed by 8S. J. CHAMBERLIN 


The Lone Star Cement Corp. has presented a new method of finding the winter 
construction schedule which results in the lowest cost for time, forms, heat, and 
cement. Heat protection is necessary not only to prevent freezing, but to develop 
normal strengths during low air temperatures. The cost of curing must be balanced 
against the saving in time. An example is worked out, using copyrighted data, to 
illustrate the method of determining the total least cost. 


Gravity air separators 
Jacos Herp. Tonindustrie Zeitung, V. 61, No. 38-41, p. 433-4, 445-6, 458-9, May 13, 20, 24, 1937 
teviewed by A. E. Berriics 


A review is presented illustrating the present achievements in the technology of 
air separation, with special reference to gravity air separators. The relations between 
particle size and air velocity and the principles of air separator design are illustrated. 
Installations which embody special features such as primary and secondary separa- 
tion, the separated return-stream of coarse material, arrangement with grinding 
unit, ete. are described. Designs which combine gravity with centrifugal air separa- 
tion are also dealt with. 


Precast reinforced concrete slabs for floors and roofs 
H. T. Heap. Engineering News-Record, V. 119, No. 17, p. 671-672, Oct. 21, 1937 
teviewed by 8S. J. CHAMBERLIN 


The Research Foundation of Armour Institute of Technology, Chicago, is con- 
ducting an investigation of the structural action involved in a patented system of 
precast, light-weight concrete slabs. The slabs are supported by poured-in-place 
concrete beams and are designed to act as a unit. Steel forms for the beams support 
the slabs during construction. The mesh reinforcing of the slabs extends into the 
beams where it serves as stirrups. The 2-in. standard floor slab weighs 17 lb. per 
sq. ft., while the roof slab weighs 13 lb. per sq. ft. 


Design of reinforced concrete in torsion 
Paut ANDERSEN, Proc. Am. Soc. C. E., V. 63, No. 8, p. 1475-1483, Oct. 1937 
Reviewed by H. J. GILKEY 


Outlines a procedure for the design of reinforced concrete members against tor- 
sional stresses. Torsional moments are evaluated by the Cross-Morgan moment 
distribution method of successive approximations. Spirals at 45 degrees supply 
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reinforcement which is especially effective for members of square cross-section. 
However, the same methods can be applied to the rectangular cross-section which is 
less economical in its resistance to torsional stress. The quantity of reinforcement 
required is determined by an analysis similar to that for the determination of the 
web reinforcement in the ordinary reinforced concrete beam. 


Better concrete mixers needed 
L. M. Turwity,. Engineering News-Record, V. 119, No. 19, p. 756-757, Nov. 4, 1937 


Reviewed by 8. J. CHAMBERLIN 
The author lists the principal faults of present mixers as: (1) lack of end-to-end 
exchange of materials during mixing; (2) separation of coarse aggregate from the 
mortar when discharging; (3) holding back coarse aggregate until end of batch; 
(4) inability of some small mixers to handle stiff consistencies properly; (5) the need 
of some mixers to have mixing water dribbled in during the mixing period. Suggested 
specifications for mixers larger than l-yd. are given, with the idea that such require- 
ments would spur manufacturers to improve their product. 


Building 1 in a | box 


Engineering N R 119, No. 18, p. 710-111, Oct. 28 


Reviewed by 8. J. CHAMBERLIN 
A Milwaukee contractor made a normal-weather job out of a sub-normal one last 
winter by enclosing the entire two-story building within a box of plywood with a 
canvas roof. The plywood sheets were stiff enough not to require diagonal bracing, 
and were supported by a frame of two-post bents of 4 x 4 timbers and horizontal 
members. Use of the inclosure frame for scaffolding resulted in a cost saving that 
almost paid for its installation. Five steam unit heaters, supplied from the municipal 
steam heating system, warmed the inclosure sufficiently to permit the construction 
even of the glass tile exterior walls. 


Tunnel linings of prestressed concrete 
Wayss & Freyrac Beton u. Eisen, V. 36, No. 17, p. 281, Sept. 5, 1937 Reviewed by A. U. Tuever 
An interesting application of prestressed concrete in tunnel linings subjected to 
external pressure and to freezing and thawing is described in detail in this article. 
The construction consists of an inner ring of prefabricated prestressed concrete slabs. 
Behind this ring circular and horizontal bars are placed and prestressed after filling 
the space between the inner ring and tunnel wall with concrete. This type of con- 
struction is stated to serve satisfactorily as a substitute for iron tubing under condi- 
tions of external pressure in the absence of any stable surrounding support. The 
recaulking of joints required by iron tubing as a result of large temperature changes 
is stated as entirely eliminated. 


The new Earl’ s ) Exhibition Building ‘the swimming pool 
A. E. Wynn. Concrete d Constructional Engineering, V. 32, No. 9, p. 532-540, Sept. 1937. 
Reviewed by GLENN McurRpHY 


Design and construction details of 195 by 95 by 20-ft. pool, the top of which is to 
be capable of being covered and used for floor space. This was accomplished by 
building a steel platform within the reinforced concrete pool. The platform can be 
raised or lowered by hydraulic jacks placed in pits in the bottom of the pool. Thus 
it may serve as a false bottom to the pool, as bottom of a sunken arena, or as a cover 
to the pool. The bottom of the pool is 15 in. thick, reinforced top and bottom, while 
the walls taper from 20 inches near the bottom to an 8-in. thickness at the top. The 
inside of the pool is waterproofed with asphalt. 
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Liter weight and quality of portland cement clinker 
G. HAEGERMAN. Zement, V. 26, No. 34, p. 529-530, Aug. 26, 1937 
Reviewed by L. T. BRowNMILLEeR 


Cement clinker was screened into various uniform sizes between narrow limits. 
The weight of the sizes was determined as well as the free lime, the percentage of 
ach size present; soundness tests were made on each size. The smallest size clinker 
generally contains the least free lime. The highest free lime is generally found in 
those sizes which are present in the largest percentage of the total clinker. The data 
given are quite complete, but interpretations are limited because no information is 
given regarding burning conditions, chemical composition, strength, etc. 


Computation of cross-reinforced road slabs under any 
position of load 


Hans Bueicu. Beton u. Eisen, V. 36, No. 19, and 20, p. 312 and 328, Oct. 5, and 20, 1937 
Reviewed by A. U. THever 


The author develops a method of computation for determining the stresses in 
restrained or continuous slabs supported along four edges and subjected to loads 
concentrated over small areas. The method rests on a solution of the Navier series 
for unrestrained slabs and a correction factor derived from an additional solution to 
determine the effect of restraint. By reducing the number of terms in the series and 
with the aid of tables of coefficients, the actual computations necessary are simple 
and adaptable for actual design purposes. 


Gas analyses in the cement plant 
Anonymous. Tonindustrie Zeitung, V.61, No. 82-83, p. 913-4, 924-6, Oct. 14, 18, 1937 
Reviewed by A. E. Berriice 

A description is given of the preparation of solutions for the absorption of gases 
in the Orsat gas apparatus. Carbon dioxide is removed with a solution prepared 
from 1 part by weight of potassium hydroxide (not purified by alcohol) and 2 parts 
by weight of water. For the removal of oxygen, white phopshorous, an alkaline 
solution of pyrogallic acid, or an alkaline solution of sodium hyposulfite can be used. 
Carbon monoxide is absorbed by ammoniacal cuprous chloride solution. Directions 
are given for proper sampling of gases in the kiln, selection of gas sampling pipes, 
and for the elimination of common sources of error in gas analytical work. Some 
consideration is given to automatic gas sampling and devices. 


Elevated concrete tanks of record size 
H. D. DeweELi. Engineering News-Record, V. 119, No. 19, p. 752-755, Nov. 4, 1937 


Reviewed by 8S. J. CHAMBERLIN 
Two 3,000,000-gal. balancing reservoirs with encased welded steel shells and con- 
crete bottoms on concrete supporting structures were recently put into service at 
Sacramento, Calif. Each tank has an interior diameter of 144 ft. and a wetted wall 
height of 26 ft. The 75-ft. high supporting structures give an overall height of over 
100 ft. The reinforced concrete shell surrounding the welded steel plates acts with 
the steel in resisting water surges due to possible earthquakes, forms a protective 
coating for the steel, and gives a pleasing appearance. The concrete walls were 
poured and allowed to cure while the steel shell was filled with water. On removal 
of the water, the steel drew the surrounding concrete inward and thus put the outer 
shell in compression. This prestressing of the concrete will result in zero stress when 
the water is at full head. Sand blasting the steel improved its bond with the con- 
crete, giving test values of 90 p. s.i. at. 28 days. The total cost was less than the 
estimate for structural steel tanks of the same capacity and height. 

















Current Reviews 199 


Experiments in the mechanical preparation of prisms for 


bending strength tests by vibration 
Ricuarv Grun Tonindustrie Zeitung, V.61, No. 68, p. 749-51, Aug. 26, 1937 
Reviewed by A. E. Berriicn 


A mechanical vibrator producing 3000 impulses per minute was used for mechan- 
ical molding of bending strength specimens. It is claimed that this method of pre- 
paration gives more uniform specimens than the method of preparation by hand and 
that it is more comparable to conditions in the field. The amount of water used in 
the vibration method is 8 per cent, while the hand method requires 12 per cent. 
The optimum duration of vibration is 30 seconds. The results are generally higher 
for bending strengths and compressive strengths and lower for shrinkage than the 
previously established method of molding by hand. 


Application of trigonometric series to a study of the buckling 


of arches 


M. Hupner (Engineer of Ponts et Chaussees Les Annales des Ponts et Chaussees, Nov. 1935 


teviewed by B. More: 

The author develops, in detail, new procedures for the determination of the critical 
thrusts in two-hinged and fixed arches, the critical value for a three-hinged arch 
being the same as that for a similar two-hinged arch. 

The analyses of buckling stresses in arches which have been available heretoforé 
have been limited by certain assumptions as to distribution of loads, variations in 
sections of the arch, rise of the arch. directions of loadings, ete. In the present Case, 
the analysis is not limited by such assumptions, but is made general, to apply to 
arches with anv variations of section and loadings 

The article is accompant d by diagrams convenient for the solution of numerical 
problems. 


Determination of the grain composition of powdered 


substances 
FE. Szincer and L. Wen Tonind Zeitung. V. 61, N 51. 52. p. 365-8. 579-81. June 28. J 
1937 Reviewed by A. I Br 


A sedimentation apparatus for the determination of various size fractions of 
portland cement is described. It consists of a vertical tube provided with 5 sampling 
devices distributed over the entire length of the tube. A suspension is prepared of 
7 g. of cement in 250 ec. of alcohol by agitation for 5 minutes, and it is then trans- 
ferred quickly to the apparatus. The time of sedimentation is recorded, and samples 
are taken at intervals at various heights of the tube. The amounts of cement in 
suspension in the samples are weighed, and the percentages of fractions below 10, 
from 10 to 20, 20 to 30, 30 to 40, 40 to 60, and above 60 microns are calculated. The 
apparatus gives results of very good reproductibility in very short time. 


Influence of cross beams in multiple-walled reinforced 
concrete bridges 
EK. Henn Beton u n, V. 36, No. 20, p. 323, Oct. 20, 1937 Reviewed by A. 1 Tut 
The sale refers to a typical type of bridge construction in which the floor system 
consists of heavy outer and lighter inner beams connected by cross-ties and support- 
ing a floor slab. In this type of structure, it is stated, that the redistribution of 
stresses that must follow a loading due to differences in the deflections of the longi- 
tudinal beams is generally neglected. The author thereupon develops a practical 
method for determining the redistribution of stresses resulting from the action of 
the cross beams without resort to the more complicated methods of the theory of 
elasticity. 
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Computation of symmetrical fixed arches to determine the 
effect of horizontal thrusts 
Kurt Martens. Beton u Eisen, V. 36, No. 19, p. 310, Oct. 5, 1937 Reviewed by A. U. THever 
Following a reference to the considerable amount of computation involved in the 
solution of the problem of horizontal thrusts in arches, the author solves the general 
integral expressions for M, V, and H for parabolic arches. The solutions are stated 
to be satisfactory as approximation formulas for arches of different shapes since 
variations in the shape of the axis of an arch other than the assumed parabolic will 
have but a small effect on the three quantities M, V, and H. The mathematical 
solution is carried through for three assumed load conditions; (1) a uniformly dis- 
tributed and (2) a triangularly distributed load both at the abutments and (3) a 
unit load applied at the crown. 


New studies of failure of concrete 
GEorGE Wastiunp. Betong, No. 3, pp. 189-206, 1937. Reviewed by INGE Lyst 
On the basis of additional series of tests Doctor Wistlund reemphasizes his previous 
conclusion of failure of concrete being due primarily to tension deformations. Com- 
pressive tests of six-inch cubes in one and two dimensional directions showed frac- 
ture places along the compression trajectories when end friction was reduced, or 
practically eliminated by the use of rubber sheets. It is shown that an additional 
side pressure increased the compressive strength of cubes very materially. Samples 
of concrete structures where cracks are formed perpendicular along the compression 
trajectories are given, among the San Dieguito Dam. The paper is a welcome 
addition to the few available studies we have of the actual cause of failure in concrete. 


Concrete walls as counterweights 
Engineering News-Record, V. 119, No. 12, p. 478-480, Sept. 16, 1937. 
Reviewed by S. J. CHAMBERLIN 


In two exposition buildings at San Francisco, designed for later use as hangars, 
arch dead loads are counterbalanced by hanging concrete walls from the steel-work. 
The three-hinged steel arches of 217 ft. span are extended outside of the pin line 
to suspend the outer reinforced concrete walls. Massive concrete pylons at the 
four corners for architectural effect are carried by closer spacing of the arches at 
the ends. The reinforced concrete walls in the pylons and the side walls of the build- 
ing are 8-in. thick. Each pylon weighs 330 tons. Movement at the base of the wall 
was provided for by constructing a reinforced concrete trough large enough to receive 
the lower edge of the wall and its horizontal stiffening beam. The cantilever principle 
effected considerable savings in arches and foundations. 


The reinforced concrete envelope for the dam of Bakhadda 
M. Drovuin (Engineer of Ponts et Chaussees). Les Annales des Ponts et Chaussees, p. 281, Aug., 
1935. Reviewed by B Morr ELI 


An interesting description of the method utilized for waterproofing the up-stream 
face of a rock-fill dam in Algeria. The envelope consists of two layers of reinforced 
concrete, each approximately 12 in. thick. The first layer is insulated from the under- 
lying masonry by a bituminous coat, thus permitting movement of the envelope. 
The reservoir was filled before the second layer was placed, so that the subsidence of 
the underlying rock would be accomplished before the final envelope was placed. 

It was found that the first layer showed to such good advantage, even after con- 
siderable settlement of the rock, that the engineers were tempted to omit the second 
layer. However, it was finally decided to place this layer. 
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Interesting features are the great flexibility displayed by the 12 in. thick envelopes 
of reinforced concrete, the efficiency of the joints between sections, and the semi- 
articulation between the envelopes and the rigid parts of the structure. 


The reinforced concrete column from the viewpoint of a law 


of change of elasticity in concrete 
F. Gepaver. Beton u. Eisen, V. 36, No. 16, p. 259, Aug. 20, 1937 teviewed by A. V. THEUER 


In this discussion an analysis of reinforced concrete columns subjected to compres- 
sion (without buckling) was carried through on the basis of Dr. Schreyer’s (Bu. E. 
V. 32, No. 3, p. 42), as well as the author’s modified concrete deformation formulas. 
In this it was shown that the n- method, based on permissible material stresses, is 
incorrect. A modification of the n- method is proposed. Further results of the 
analysis bear on the problems of the complete exploitation of the strengths of both 
materials; on a design whereby the yield-point strength of the reinforcing steel and 
the concrete cube strength would be simultaneously reached; on the stress distribu- 
tion over the cross-sections of columns, and on the stresses induced in columns by 
concrete shrinkage. 


Splicing and anchoring of reinforcing bars 


Care Forsseu Jetong, No. 1, p. 31-78, 1937 Reeviewed by Ince Lys? 

Some of the most difficult problems in reinforced concrete structures are connected 
with the splicing and anchoring of the reinforcing bars. Professor Forssell in this 
paper presents a thorough study of this problem and gives results of a very extensive 
investigation carried out at Sweden’s Institute of Technology. Tests were made of 
different types of anchoring devices of the sleeve type as well as of enlarged end 
sections and of end hooks. The effect of the anchoring was found to be very great. 
Among important conclusions should be mentioned that splicing and anchoring by 
means of common end hooks did not give satisfactory results. Cast iron sleeves as 
well as enlarged end sections of the reinforcing bars gave very promising results. 
The paper is a worthy contribution to our scant knowledge of anchoring problems in 
reinforced concrete construction. 


Cement and mortar at the International Congress for 


Testing Materials in London 
CzeRNiIn. Tonindustrie Zeitung, V. 61, No. 41-42, p. 455-7, 467-9, May 24, 27, 1937 
Reviewed by A. E. Brrriicn 


The review of papers presented includes: E. Rengade, The Behavior of High 
Aluminous Cements at Low Temperatures and The Effect of Flowing Pure Water; 
W. H. Glanville, Standard Tests for High Aluminous Cements. The testing of 
plastic mortars was the subject of 3 papers by A. Gassner and A. Frank, G. Haeger- 
mann, and A. Perfetti. In connection with the study of coments for mass concrete 
F. M. Lea presented a paper on Methods for Testing the Heat of Hydration, and a 
paper by P. H. Bates was read on Controlling the Heat of Hydration of Cements. 
B. Hallstrom talked on the present status of testing cements for dams. Seven 
papers were presented on the chemical resistance of cement and concrete and two 
on waterproofing agents for mortar and concrete. 


Steel stresses in concrete pipe 
D. B. GumENSKY AND N. D. Wuitman. Engineering News-Record, V. 119, No. 15, p. 597-599, Oct. 7 


] 


1937 Reviewed by 8. J CHAMBERLIN 
Concrete pipe, 60 in. in diameter, with different types of reintorcement was sub- 
jected to combined external and internal loads. Strains in the reinforcing steel 
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were measured to check the assumptions made in design. Measured strains showed 
that reinforced concrete pipe may be designed by formulas for reinforced concrete 
members under combined bending and direct stresses. Cylindrical steel plate rein- 
forcement insured water-tightness until ultimate failure. The highest strength for a 
given amount of reinforcement is obtained by an inner cylinder, outer circular bars 
and elliptical bars. The steel cylinder loses its bond with the concrete at low loads, 
but is effective in taking tension under internal hydrostatic pressure. Elliptical 
bar reinforcement has limited resistance against hydrostatic pressure alone, but is 
aided by external loads. The tests demonstrated the superiority of centrifugally 
spun pipe over vertically poured concrete. 


Truck mixer a refined mechanism 
C. F. Batu. Engineering News-Record, V. 119, No. 20, p. 786-788, Nov. 11, 1937 
Reviewed by 8S. J. CHAMBERLIN 


Although truck mixers and agitators have been in use only a little over ten years 
the present product has reached a fine mechanical refinement as an aid to merchan- 
dising ready-mixed concrete in the opinion of the author. Present day truck mixers 
are described and their mechanisms explained. Most of them are driven by inde- 
pendent motors, and all are drum shaped with internal blades to give an end-to-end 
mixing action as well as mixing due to rotation. Discharge is at the end of the drum 
and is accomplished by reversing the rotation, the blade action moving the material 
toward the opening. The author mentions no tests that could be easily made on 
samples taken from different places in the mixer or at the beginning and end of dis- 
charge to determine the constituents of the fresh concrete and the resulting efficiency 
of the mixers. 


Shrinkage and the ‘‘expansive’’ cements 
Henry Lossier. Les Annales des Ponts et Chaussees, p. 15, Jan. 1937 
Reviewed by B. Moree. 


In this article, M. Lossier explains the many advantages inherent in a cement 
which will harden with an expansive action, as contrasted to the ordinary portland 
cements which shrink when hardening in air. Experiments performed on several 
types of expansive cements which were used for the fabrication of small cubes and 
cylinders appear to confirm the conclusions drawn from theoretical considerations 
that higher strengths and freedom from cracking can be attained by the use of such 
cements. 

M. Lossier does not indicate the composition of the expansive cements which he 
utilized. He sounds a note of warning that the experiments performed to date, 
while apparently quite favorable, are not sufficiently conclusive to be used as the 
basis for practical applications. Further research is essential before practical appli- 
cations of importance would be warranted. 


Waterproofing of hydraulic mortars by means of bone glue 


M. Henri Laruma. Les Annales des Ponts et Chaussees, Sept. 1935 Reviewed by B. Moreerr 

The surest method of obtaining impermeable mortars is to obtain a dense mixture 
by the use of a properly graded sand and a liberal quantity of cement. This practice 
has, however, the disadvantage of producing mixtures which have high shrinkage 
values; hence, the advocacy of various admixtures for improving permeability with- 
out increasing shrinkage. 

In this paper the author describes extensive experiments on the use of various 
solutions of glue as an admixture for mortar and concrete. He concludes that when 
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properly used, an admixture of the glue gives remarkably good results. The action 
is both chemical and physical in its nature. The physical action results from a 
diminution of the cross-section of the capillary canals, thus decreasing the permea- 
bility. However, he warns that the character of the glue and the manner in which 
it is prepared are important elements and he states that glues of a quality not adapted 
for this purpose and/or improperly prepared probably account for the failures of 
this method. 


Swedish concrete association during 25 years, 1912-1937 


Betong, No. 1, p. 1-39, 1937 Reviewed by INGE Lyse 

A commendable record is given of the activities and achievements of the Swedish 
Concrete Association during its first 25 years. From a very unassuming beginning 
in 1912 when its membership consisted of six corporation and four individual mem- 
bers, the Association has grown very consistently, with only one retrogression, 
namely in the period 1924-1926, and its present membership consists of 33 corpora- 
tions and 238 individuals. The total membership has more than doubled during the 
last ten years. The association holds meetings several times a year, last year five 
meetings were held. In addition it publishes the quarterly journal Betong which 
contains a great many important papers on concrete and reinforced concrete. The 
Association has also carried out instructional courses in Concrete and has made 
financial contributions to research investigations in the field of cement and concrete. 
The advertising in the Betong has assisted materially in the financial situation of the 
association which has been excellent during all these years. At present the adver- 
tisements contribute about two-thirds of the cost of the journal. Richard V. 
Frost has been secretary since 1926. 


Test of precast concrete floor units 
A. F. Hotmes anv H. G. Prorze, Jr. Engineering News-Record, V. 119, No. 13, p. 507-508, Sept. 23. 
1937 Reviewed by 8S. J. CHAMBERLIN 


An investigation at the Massachusetts Institute of Technology produces new 
data on sheer resistance, strength and absorption of blocks used in so-called unit- 
and-joist floor systems. Absorption and compressive tests were made of the hollow 
precast. units made of cinders and ordinary cement, cinders and high-early strength 
cement, and a patented type made of slag concrete. The modulus of elasticity was 
determined from tests on cylindrical specimens of each material. Tests were con- 
ducted to determine the shearing strength or bond between the floor-units and ordi- 
nary concrete. The conclusions, in part, are: (1) slag units weighed 12 per cent more 
than the cinder ones; (2) cinder units had absorptions 27 to 44 per cent greater than 
the slag units; (3) cinder units in general were 10 per cent stronger than the slag 
units; (4) the modulus of elasticity of the slag units was about 45 per cent greater than 
the others and was near the modulus of elasticity of the rib concrete; (5) at 7 days 
there was little difference in the ultimate shearing strength, or bond, between the 
different units, but at 28 days the values for the cinder concrete averaged 7 per cent 
more than the slag units. 


Note on workability and density of gravel concretes 
H. Larpeur tnnales de l'Institut Technique du Batiment et des Travaux Publics, V. 2, p. 47, July- 
Aug. 1937 Reviewed by W. H. Herscuet 


Mixes were considered as composed of three sizes of materials, i. e. very fine 
(cement) less than 0.1 mm., fine (sand) 0.1 at 5 mm. diameter and coarse aggregate, 
5 to 50 mm. Workability was judged from experience in rodding 30 em. cubes, 
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which were broken in compression after 28 days. It was found that within a certain 
restricted field, the composition could be varied without any considerable effect on 
density, i. e. fines could be varied from 20 to 32 per cent, coarse aggregate from 55 
to 63 per cent and very fines from 13 to 17 per cent. With maximum size of aggre- 
gate of 50 mm., the best grading as regards density and workability did not vary 
greatly from the law of Bolomey, P = 10 + 90 v d/D, P being the percentage by 
weight ot particles having a diameter less than d mm. When the maximum diameter, 
D is 20 mm., a compromise must be made since the most dense concretes are not the 
most workable. Compression tests gave a strength in Kg/em? of R = 109 (c/w 
0.4) approximating Bolomey’s law, R = K (c/w — 0.5) where K varies with the 
cement and condition of curing, and c/w is the cement-water ratio by weight. 





The corrosion of cement mortar and concrete by liquids 
O. KaLuaunER. Tonindustrie Zeitung, V. 61, No. 68, p. 756-9, Aug. 26, 1937 
Reviewed by A. E. Berriicsa 


In the first part of the article, the author describes the phenomena of disintegration. 
The corrosion begins with adsorption processes which are followed by solution 
reactions, or chemical disintegration. These are followed by further adsorption 
processes and finally by diffusion of the reaction products dissolved in the liquid 
and the exchange of concentration by diffusion. The cement can be destroyed by 
the effect of certain liquids in such a way that its constituents go into solution either 
completely or to a great part. The cement can also be destroyed by solution of 
only a small part of its constituents, and finally, destruction can be caused by the 
formation of slightly soluble or insoluble reaction products which accumulate in the 
mortar or concrete and finally destroy the structure by internal pressure. The 
effect of liquids depends on a large number of various factors which can be listed as 
follows: (1) Type of cement and aggregates; (2) chemical and petrographic composi- 
tion of cement and aggregates; (3) mechanical composition of cement and aggre- 
gates; (4) the method of preparation; (5) treatment of mortar subsequent to mold- 
ing; (6) age of mortar; (7) effects previous to the action of liquids, such as carbona- 
tion; (8) the type of surface of attack between mortar and liquid; (9) type of liquid; 
(10) chemical composition; (11) amount of liquid; (12) concentration; (13) type of 
contact between mortar and liquid (stationary contact, movement, periodic or con- 
tinuous renewal of liquid, etc.); (14) type of reaction (solution, hydrolysis, base 
exchange, formation and growth of crystals, formation of dispersed structures or 
layers, etc.); (15) properties of the reaction products; (16) various other effects such 
as surrounding atmosphere, presence of reactive gases, development of micro- 
organisms, etc.; (17) height and uniformity of temperature; (18) duration of action. 

The disintegrating effect of Jiquids on mortar or concrete can be observed by deter- 
mining changes of the composition of the liquid, determining the depth of penetra- 
tion of liquid, or by inspection of the shape, volume, weight, hardness, strength, 
and composition of the specimen. 

The second part of the paper describes a method of determining the corrosive 
effect of liquids, especially acids. The apparatus consists of a series of specimens of 
100-sq. cm. surfaces which are immersed in aggressive solutions and which can be 
agitated at various speeds in the solutions. The entire apparatus is thermostatically 
controlled. 


Partial closing of the dam of ‘‘Oued Fergoug’’ 
M. Drovugin (Engineer of Ponts et Chaussees). Les Annales des Ponts et Chaussees, p. 274, Aug., 
1935 teviewed by B. Moree. 


The dam of “Oued Fergoug”’ in Algeria failed in 1927 as a result of insufficiency of 
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the spillway and of the section. Pending the construction of a new dam at a location 
farther upstream, steps were taken to provide temporary storage for a relatively 
small quantity of water by constructing a short length of dam on the old foundation, 
this new structure to be of less length than the former dam. 

The height of the new structure varied from 13 to 33 feet. The notable feature of 
the new construction is the use of vertical steel ties, which are placed, in tension near 
the upstream face of the dam. The new wall consists of blocks 16.5 ft. long. In the 
center of each block there is a tie rod, the lower end of which is anchored in the old 
masonry, the upper end terminating in a concrete block. The bond between the 
tie and the masonry is broken. Jacks are placed between the concrete block and the 
top surface of the dam. By means of these jacks the ties are placed in tension and 
the masonry at the upstream face in compression. The tensions in the ties vary 
from 125 to 185 metric tons (depending upon the height of the wall). 

The procedure followed was similar to that utilized in strengthening the dam of 
Cheurfas. (See review describing the latter work in this issue of the JouRNAL). 


Circumferential reinforcement of pressure conduits of the 

hydro-electric plant of Mareges 

M. Mary (Engineer of Ponts et Chaussees Les Annales des Ponts et Chaussees, p. 423, April, 1936. 
Reviewed by B. Moree.u 

The construction of the hydro-electric plant of Mareges entailed the installation of 
intake conduits of about 14.5 ft. in diameter. Portions of these conduits were over- 
laid by a relatively thin cover of rock which was also badly fissured so that the 
designers felt that it was not prudent to depend upon the strength of the overburden 
to assist in resisting the internal pressures which resulted from the head of 336 ft. 
It was decided to reinforce the concrete conduits by means of cables to be placed 
near the outside circumference and then subjected to tension in a manner such as to 
produce compressive stress in the concrete. 

The theory is similar to that of the Hewitt system of constructing circular tanks. 
In this case, however, the conduits are constructed in tunnel and the ingenious method 
adopted for placing the cables in tension after they had been encased by the concrete 
of the lining is of special interest, especially in view of the large diameter of the 
conduit and its thickness (16 in.). 

The procedures adopted are too involved to be described in detail in this review. 
A careful study will prove advantageous for those interested in the installation of 
pressure conduits of concrete in earth or in poor rock. 


The effect of shaking on the chemistry of aggressive reagents 
A. Stgoror. Zement, V. 26, No. 39, p. 643-646, Sept. 30, 1937. Reviewed by L. T. BROWNMILLER 

The author has carried out a series of detailed experiments on the effect of solutions 
of magnesium sulphate and sodium chloride on aged cements. He has given detailed 
results, but it is somewhat difficult to interpret them and to determine if his rather 
detailed analyses are justified by the conclusions one can draw from them. The data 
are comprehensive and may be of greater significance than in evident at first. 

In these experiments the author has hydrated cements with and without trass 
admixtures. After 20 months ageing in water and air the cements were ground 
and treated with the salt solutions. The residues were then analyzed. From these 
analyses he draws the following conclusions. 

After 20 months the cements stored in air are less reactive towards magnesium 
sulphate solutions than those stored in water. 
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Trass does not decrease the reactivity of cements but merely serves to make them 
dense and thereby prevent deterioration. 

There seems to be one significant fact brought out by his experiments. Storage 
of cements in air for 20 months renders a considerable portion of the silica insoluble, 
which would indicate that there must be a complete break down of the calcium 
silicate hydrogels into calcium carbonate and silica under the action of carbon 
dioxide. 


Contribution to the question of the constitution of portland 


cement 
K. Koyanaai, 8. Katou, anp T. Supon. Zement, V. 26, No. 34, p. 531-539, Aug. 26, 1937 
Reviewed by L. T. BROWNMILLER 


The following five types of portland cements were prepared: Low heat, Kuhl, 
Brownmillerite, high alumina and high strength. Each of these cements was separ- 
ated into four fractions by centrifuging. The fractions were analyzed and studied 
microscopically and by x-rays. The fractions with highest specific weight showed the 
higher concentrations of alumina, ferric oxide and magnesia while the amount of 
silica and lime decreased. Dicalcium silicate increased in the fractions of higher 
specific weight in the cements of the last three types but in the first two types of 
cement dicalcium silicate decreased as the fractions increased in weight. In all 
types of cement, 3 CaO.SiO, decreased as the fractions increased in specific weight 
while 4 CaO.Al.0;.Fe,0O; increased. By x-rays dicalcium silicate was identified in 
all cements. In the first and third types of cements, tricalcium silicate was identified. 
4 CaO . Al.O; . FeO; was identified in the first three types of cement. The lightest 
fractions of the high strength and high alumina portland cement showed some 
x-ray lines of tricalcium aluminate. 

The authors have given detailed information regarding chemical composition of 
various fractions of cement. In addition to the data indicated here, complete 
physical tests were made on each of the four types of cement. 


The hardening problem of silica mortars 
V. Ropt. Tonindustrie Zeitung, V. 61, No. 33, p. 371-3, Apr. 26, 1937. Reviewed by A. E. Brerriicu 


In addition to a review of previous papers, the author reports some of his own 
experiments on the hardening of siliceous mortars. Hydrothermal syntheses of 
calcium silicates from their components at high pressures and temperatures up to 
290° yield principally a monocalcium hydrosilicate and, in the presence of excess of 
calcium oxide or calcium chloride, a dicalcium hydrosilicate. In synthesizing in 
aqueous solutions no compounds could be prepared which contain less than 1 molecule 
of CaO for each molecule of SiO.. With saturated solutions of calcium oxide 
gelatinous products were obtained which contain more calcium oxide. Several 
authors found that only tricalcium silicate and beta dicalcium silicate have the 
property to harden when mixed with water while monocalcium silicate, alpha 
and beta dicalcium silicate possess no hydraulic properties. All silicates were found 
to hydrolyze in water and to form calcium hydroxide, even in the presence ot 
saturated lime water. Repeated treatments with pure water lead to complete 
decomposition of the silicates. The exact amounts of water and the form of 
combination in hydrated calcium silicates is not yet clear. 

The author reports on various experiments with specimens prepared from standard 
sand and sodium silicate solutions cured in solutions of calcium chloride and ammon- 
ium chloride which showed some hardening properties. The effect of blast-furnace 
slag in cement is discussed briefly. 
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Construction of the bridge of Bonnant over the Loire 
M. VALENTIN (Engineer of Ponts et Chaussees). Les Annales des Ponts et Chaussees, p. 216, Aug., 
1935. Reviewed by B. Moree ti 


The bridge of Bonnant over the Loire was designed to replace an old ferry which 
had outlived its usefulness. Three types of bridge were considered; a suspension 
span (625 ft.), steel girders, and multiple arches of reinforced concrete. The latter 
type was adopted. 

The bridge consists of 5 arches of 125 ft. each supported by two massive abutments 
and 4 intermediary piers, all of reinforced concrete. The arches have Mesnager 
semi-articulations at the spring line only, there being no crown hinge. The arches 
are 20 ft. wide and support solid transverse walls, 8.5 ft. on centers, which in turn 
support the deck. The roadway is 18 ft. wide with a sidewalk 3.3 ft. wide on each 
side. The cross-walls which support the deck are articulated near the base and near 
the top with Mesnager hinges, thus obviating the participation of the deck in the 
arch action. There is an expansion joint completely through the deck at each abut- 
ment and over the center of each pier, thus making the spans independent. 

The notable feature of this project is the small rise of the end arches (one-tenth the 
span) which results in large thrusts and necessitates massive abutments. It is note- 
worthy, also, that in order to achieve a proper architectural effect, the rise of the 
center span differs from that of the two spans on each side of the center which, in 
turn, differ from the end spans. It appears that the added cost of form work was 
considered to be justified by the architectural effects to be obtained. 


Use of the cement gun on the railroad line from Cahors to 

Moissac 

M. Cazes (Engineer of Ponts et Chaussees Les Annales des Ponts et Chaussees, Sept., 1935 
Reviewed by B. Moree 1 


Experience in the maintenance of the slopes of heavy cuts indicated that heavy 
slides could be prevented by protecting from weathering the friable materials lying 
between the rock layers. The accepted method has been to protect the slopes by a 
covering of laid-up masonry, with or without mortar joints. In order to speed up 
the work and to effect economies it was decided to experiment with the use of pneu- 
matically applied mortar (Gunite). 

Three types were tried, as follows: (a) a thin coat (4-6 inches) of gunite without 
reinforcing, (b) a thin coat of gunite with reinforcing and (c) a dry rubble wall covered 
with gunite. 

The author describes numerous experiments made to determine the most efficient 
methods of applying the gunite. He concludes that although the work is not yet 
old enough to warrant definitive conclusions (the maximum age is 10 years), the 
indications are that where the work has been performed with care and in conformity 
with the best practice, gunite applied directly to the soil (without reinforcing) will 
be durable and will serve the purpose intended. The cost is very much lower than 
that of masonry surfaces. 

The article contains numerous details governing the methods of application, mix- 
tures, ete., which have been found most durable. 


The cement content as quality factor for concrete 
Per Havisrrom and 8S. Giertz-Hepstrom. Betong, No. 2, p. 129-169, 1937 
Reviewed by Incr Lyse 


This paper consists of two parts. The first part contains Captain Hallstrom’s 
lecture on the quality factor for concrete. He gives a general discussion of the differ- 
ent strength formulas by Abrams, Graf and Bolomey, and shows how all these for- 
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mulas represent a straight line relationship between cement content and water 
content. He also points out how the permeability and volume changes of concrete 
are affected by the cement content. In discussing the plastic flow of concrete it is 
mentioned that an increase in flow accompanies increase in both paste content and 
water-cement ratio. The influence of the cement and paste contents on the worka- 
bility of concrete is also pointed out. The conclusion is reached that the cement 
content should not be any higher than the minimum required for strength, water- 
tightness, and workability of the concrete. The importance of the gradation of 
aggregate and formulas are quoted for computation of water requirement for aggre- 
gate of a given gradation. 

The second part of the paper contains the lecture by Giertz-Hedstrom in which he 
discussed impressions on concrete gained from a study while in the United States. 
Special attention was given to dam construction. Brief statements are given of the 
concrete used in the Boulder, Morris, Grand Coulee, and Bonneville Dams. The 
paper contains a number of photographs, diagrams and tables. 


Vacuum concrete 
Hans Krevucer. Betong, No. 2, p. 170-175, 1937. teviewed by INGE Lyset 
Professor Kreiiger first points out the objections to concrete of high water content. 
He also points out the difficulties of placing concrete of very low water content. He 
therefore looks with favor upon the so-called vacuum concrete in which the concrete 
is placed with a relatively high water content and much of the water later removed 
by the vacuum process which recently was developed by K. P. Billner. The author 
regrets his inability to obtain conclusive data on the physical qualities of the vacuum 
concrete, but he has been able to secure some strength data which indicate favorable 
results and he gives some information of the process. A brief description is given of 
the formwork, the type of pumps used, and the resulting effect upon the concrete. 
The amount of water may under ordinary conditions be reduced by as much as 
30 to 45 per cent of the mixing water. The most valuable result of vacuum concrete 
should be the reduction in shrinkage, but the author admits inability to obtain 
dependable data on this problem. A table giving relative compressive strength of 
concrete shows from 22 to 107 per cent increase for the vacuum process. The eco- 
nomic fact of the process has not been dealt with in detail because of the lack of 
information. Professor Kreiiger finally points out that an extensive investigation 
should be made of this process for concrete with various cement contents, various 
water contents, and various gradations of aggregate. Furthermore, studies should 
be made of the effect of variation in amount of vacuum, length of vacuum, depth of 
concrete layers, amount of water drawn off. The process can only be evaluated 
correctly when sufficient test data are available. 


Testing method for road cements 
Orro Grar. Tonindustrie Zeitung, V. 61, No. 56, p. 620-2, July 15, 1937 
Reviewed by A. E. Berriicu 


The new method for the testing of road cements based on the latest information 
obtained in experiments conducted in 5 German institutes for testing materials is 
described. 

(1) Testing of bending strength and compressive strength. The specimen is a 
4 by 4 by 16-cm. prism. The sand consists of 1 part by weight of specially prepared 
fine sand (developed by Haegermann) and 2 parts of standard sand. The amount of 
mixing water is 15 per cent (water-cement ratio 0.6). Three prisms are prepared 
from 450 g. of cement, 450 g. of fine sand, 900 g. of standard sand, and 270 g. of 
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water. The specimens are taken from the molds after 20 hr. After 24 hr. they are 
placed in water from 17 to 20°C. and after 7 days they are removed and placed in 
a closed metal box where they rest over a super-saturated solution of potassium 
carbonate. The bending strength is determined in the tensile strength testing 
apparatus with an attachment for bending strength developed by Michaelis. The 
broken halves are tested for compressive strength. 

(2) Testing for shrinkage. The same type of specimens as the one used for strength 
tests is used for shrinkage determinations except that the method of molding is 
slightly different. The specimens, which are provided with a metal plug at each 
end to determine their length, are stored in the moist closet for 2 days, then removed 
from the molds and stored in water for 5 days. After the 7-day storage the first 
measurements of the length and weight of the specimen are taken and the samples 
stored over potassium carbonate solution. 


Bridge abutments and piers of concrete reinforced with wood 
M. I. Ewpokrimov-Pototrovsky. Beton u. Eisen, V. 36, No. 20, p. 321, Oct. 20, 1937 
Reviewed by A. U. THEvER 


A wood concrete structure built six years ago in Siberia is described in detail to- 
gether with investigations that have been made since the period of construction. 
The structure consisted of two abutments and a number of piers for a river crossing. 
The piers were approximately 42 ft. high and 3.2 by 1.8 ft. in cross-section. Each 
pier was reinforced by four 8.0 in. diameter posts tied by twenty 0.8 in. stirrups. 
Cut wire nails and special connections were used in splicings and jointings. 

The following information was obtained from observations on the structure 
supplemented by laboratory tests. (1) The coefficient of expansion of the wood 
was found to be 5.4 x 10° and of the concrete 12.0 x 10° per °C. The differences in 
coefficients of expansion are considered of negligible interest. (2) Bond between 
wood and concrete is stated to depend principally on the moisture content of the 
wood at time of embedment, the wetness of the concrete and the temperature at 
time of concreting. A long period of soaking of the timber before concreting is 
recommended. (3) Evergreen and especially pitchy woods are stated to give the 
best bonds. (4) Planing of the wood decreases its bond. (5) Concrete attacks the 
surface layer of wood. Microscopic investigations indicate that the deleterious 
effect does not extend into the wood further than 0.8 mm. (6) the observations 
indicate that the sap in the wood ferments and progressively decreases the strength 
of the wood. A 11 per cent decrease in strength after five years is recorded. The 
lime in the cement is a factor in this decrease of strength. (7) Insufficient soaking of 
the timber is stated to have resulted in fine cracks in the concrete. 


The moist curing of concrete 
H. J. Gixrey. Engineering-News Record, V. 119, No. 16, p. 630-633, Oct. 14, 1937. 
Reviewed by 8. J. CHAMBERLIN 


The author’s tests, conducted over a decade, of concrete subjected to various 
curing procedures and test conditions demonstrate the importance of these factors 
in determining the strength of concrete. Specimens were 2 x 4, 3 x 6 and 6 x 12-in. 
cylinders, and 2 x 2 x 4 in. prisms cast on their sides. A wide range of mortars and 
concretes of many aggregates and gradings from several cements were tested, with 
a Maximum test age of four years. Age-strength curves clearly indicate the effects 
of curing and moisture condtions at test, and an accompanying table listing results 
from a few representative curing tests shows a general uniformity of strength ratios 
for the wide range of moistures, gradings, and sizes of specimens. 
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Specimens standard cured (continuously moist and saturated at test) give strengths 
that may be thought of as base or standard strengths for comparison. A specimen 
removed from its moist condition and exposed to air from one to three weeks will 
give strengths 20 to 45 per cent higher than the standard cured specimen of the same 
age. The gain is due to drying, since dry concrete is stronger than the same concrete 
if saturated. However, the gain in strength soon ceases because continued hydration 
is no longer possible, and such specimens resaturated give strengths equal to, and 
often lower, than the standard at time of initial exposure. Specimens air-cured and 
dry at test cease to gain strength after a few days from removal of the forms, remain- 
ing practically constant and well below the standard with further lapse of time. 
These air-cured specimens saturated and tested wet give strengths 20 to 40 per cent 
lower than if tested dry. Curing, and resulting gain in strength, is required if a 
dried out specimen is re-subjected to moist storage. 


Liter weight and clinker quality 
G. Muszenuc. Zement, V. 26, No. 41, p. 671-676, Oct. 14, 1937 Reviewed by L. T. BRowNMILLER 

The relation of liter weight to clinker quality has been studied in considerable 
detail in Germany recently and this article furnishes some additional data. The 
author again points out that the degree of burning of cement clinker has a consider- 
able effect on the properties of cement. The liter weight of a fraction of the clinker 
of uniform size serves as a measure of the degree of burning of the clinker; that is 
the harder the burning the greater the liter weight. The author maintains however 
that the actual specific weight of the clinker gives more reliable results, principally 
because the variations in porosity of the clinker are then evaluated. 

The relation of early strength to liter weight was investigated. The clinker with 
the highest liter weight, that is the hardest burned clinker, shows low compressive 
strengths at 1 and 3 days. No other direct relations could be established. Some 
data are included in the free lime and sulphate contents in clinker of various liter 
weights. 


Coloring portland cement 
Concrete Information No. CP 28, Portland Cement Association, April 1937 
Highway Researcu ABSTRACTS 


In coloring concrete only commercially pure mineral pigments should be used, 
as others are likely to cause fading or marked reductions in strength. The amount 
of coloring materials should not exceed 10 per cent by weight of the cement, as 
larger quantities may likewise affect the strength. In other words, not more than 
9 lb. of pigment should be used per sack of cement. Deep shades can generally be 
produced with less than this amount of color by judicious choice of pigments. To 
insure thorough mixing the pigment should be at least as fine as the cement; the finer 
the pigment is ground the greater its coloring ability. 

A general guide to the selection of colors and coloring materials for various effects 
is listed: 

For blue shades use cobalt oxide. 

For browns use burnt umber or brown oxide of iron. 

For buffs use yellow ochre or oxide. 

For grays use small quantities of manganese black, black iron oxide, or Germantown lamp black; 
preferably black iron oxide. __ 

For greens use chromium oxide. 

For pinks use small quantities of red oxide of iron. 

For red shades such as light brick, terra cotta, etc., use red oxide of iron. Venetian red should be 
avoided. 


For slate effects use manganese black, black iron oxide or Germantown lamp black; preferably black 
iron oxide. Common lamp black should not be used. 
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Different shades of color can be secured by varying the amount of coloring material 
used, or by mixing two or more pigments. The full coloring value of pigments can 
be obtained only with white portland cement. When clear white is desired white 
sand and white cement should be used. The use of white portland cement with 
yellow and brown sands will produce varying shades of cream, yellow and buff. If 
the colors can be secured without pigments such practice is recommended. 


Efficient vibration of concrete 
H. Dienst (Technische Hochschule, Berlin),1936. Fron Road Abstracts, No. 71, May, 1937 
Hicguway Researcn ABSTRACTS 

Study was made of the effect of various factors on the consolidation of concrete 

by vibration. After preliminary tests with sand it was decided to experiment with 
frequencies of 2,700, 4,000 and 7,800. Amplitude in all cases was approximately 
0.25 mm. Concretes of two different gradings and three different water-cement 
atios were vibrated in a cylinder for 1 minute, 3 minutes and 10 minutes. Only 
one test was made on each of the 54 combinations involved. After 14 days moist 
and 14 days dry storage the compressive strengths of the specimens were deter- 
mined. The conclusions reached are as follows: 

Vibration was found more effective under pressure. For the surface vibration 
of road slabs, therefore, a heavy vibrator is of advantage. The efficiency of vibration 
follows the law 

e = cA n*4 

where A is the amplitude, n the frequency and ¢ a constant. As surfacing concrete 
of ordinary thickness can be vibrated only with a very small amplitude, a high 
frequency (7,000 to 8,000) should be employed; with a heavier vibrator, however, 
the frequency may be lower. Care must be taken not to cause segregation in a 
rather wet concrete by too high a frequency of vibration. To obtain concrete of 
maximum strength a high frequency of vibration should be applied to a mix of earth- 
moist consistency. With aggregate gradings of low “fines” content the question of 
segregation requires special attention and preliminary tests are advisable. With the 
minimum amount of water to give a closed surface, and vibration of sufficient in- 
tensity, vibration time can be limited to 1 minute. 


Chemistry of the hydration of the calcium aluminates and 
cements 
GUNNAR AssARSSON. Zement, V. 26, No. 18, p. 293-29, May 6, 1937; No. 19, p. 311-315, May 13, 1937; 
No. 20, p. 327-330, May 20, 1937 Reviewed by L. T. BROWNMILLER 

This series of articles supplements a more comprehensive monograph on the cal- 
cium aluminate hydrates published formerly. The experiments seem to have been 
done with considerable care and supplement the former experiments in a large 
portion of the system lime—alumina—water at temperatures from 5° C. to 90° C. 
The compounds found are described in detail and their regions of stability are given. 

The hydration of the anhydrous calcium aluminates was followed at various 
temperatures. It would be impractical to attempt to condense this work in a short 
review, but the original article should be consulted for any information other than 
the general scope of the experiments. 

However, Assarsson’s theory of the effect of the hydration of the aluminates on 
the hydration of cements is as follows: 

In portland cement, the alumina is present as tricalcium aluminate principally; 
tricalcium silicate also contains small amounts of alumina. If cement without 
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gypsum is hydrated, then tetracalcium aluminate forms. If gypsum is present then 
calcium sulphoaluminate forms. 

In aluminate cements the 5:3, 1:1 and 3:5 calcium aluminates are present as well 
as gehlenite. On hydration between 20° and 40° C., dialuminate hydrate, aluminium 
hydroxide and trialuminate hydrate form. The dialuminate hydrate is unstable 
and may change to other forms under certain conditions, particularly if the temper- 
ature is raised from 20 to 40 degrees. Even tricalcium aluminate hydrate is not 
stable, but its rate of transformation is very slow. The aluminum hydroxide is 
amorphous at first but crystalizes on ageing particularly at high temperatures. 
Gehlenite hydrates slowly and forms a gel which undergoes a change on ageing, 
which is not yet understood. 


Investigation of the strength of reinforced concrete joints 
V. A. Nicotsxy, Ann. de L’Institui Technique du Batiment et des Travaux Publics, March-April, 1937 
Second Year, No. 2, p. 67-72. teviewed by D. E. Parsons 


In the Freyssinet type joint used in concrete arch dams the concentrated load of 
the joint causes compressive and tensile stresses at right angles to the mid-plane 
common to the joint and the adjacent blocks. This stress disturbance is appreciable 
for a distance from the joint about equal to the width of the blocks. The magnitude 
and location of these stresses are studied by considering the analogy with the two 
dimensional problem of the bending of elastic plates. Considering the joint to be 
horizontal and the mid-plane of the blocks vertical, the equation: 

2 2 3 
gg @ si ( 1+ or ~—- 6. oe 2) is obtained for the horizontal 
stresses at the mid-plane of a block, y being the vertical distance from the joint. P is 
the load per unit length of the joint, c is the width of the joint, b is the width of the 
block and I is the distance from the joint at which uniform stress is approximately 








v, = 1. 


re-established. At the joint the maximum horizontal compressive stress is 


P(b—c) ,.. ™ 
vr = —1.88 —-——’. The maximum tensile stress occurs at y = .59 / and is 
+ jon. oe — 
vz = .508 — “_ The horizontal stress becomes zero at y = .2951. The total 
| : | ab Po—) , 
horizontal compressive (or tensile) force is X = .228 —— . The horizontal 


stresses should be greatest at the mid-plane. 

Values computed from this formula are found to be in very good agreement with 
those obtained by photo-elasticity in the treatise by E. Coker and L. Filon. (Cam- 
bridge 1931, §4, 24). However, the formula probably does not give correct values of 
the horizontal compressive stress near the joint when the joint is narrow in propor- 
tion to the width of the blocks. (c/b ratio small). M. Tesar, using c/b = .1, found 
a much higher value although the maximum tensile stress which he found was in 
excellent agreement. (Memoires de l’ass. Inter. des Ponts et Charpents, V.I, 1932, 
p. 302.) The author recommends the use of reinforcement in the blocks to resist 
the horizontal tensile stresses. 


A study of the effect of subgrade and cement composition on 


curl or concrete slabs 
Progress Report, California Department of Public Works, Highway Research Census, Ma-41.245. 
Hicguway ReseARCH ABSTRACTS 


The object of this investigation was to determine the effect of water soluble salts 
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in a subgrade on the curling of a concrete slab, and how such curling could be influ- 
enced by the use of a low C;A cement. 

Six slabs, 2 ft. by 2 ft. by 2 in. were cast from five-sack concrete upon a bed of well- 
compacted subgrade material. Gage points were cast into the specimens for Whit- 
more Strain Gage and curl measurements. The slabs were cured under wet burlap 
for three days and then 25 days in water at 70°F. Two of the slabs were cast from 
a high C;A cement, two from a medium and two from a low C;A cement. 

On the 28th day the specimens were placed on approximately four inches of a 
well-compacted subgrade material in a box and sealed around the edges with a 
erack-filling compound. The boxes were placed in pans of water, the level of water 
kept approximately even with the upper surface of the slab. The sealing plastic 
prevented water from flowing around the slab, but insured that all water evaporated 
from the surface of the slab had to percolate through it. 

The specimens were divided into two groups, each group having a range of C;A 
contents. One set of three specimens were placed on a suitable subgrade material. 
The other set was placed on a subgrade material in which 50 per cent of the fine 
material had been replaced with a natural occuring alkali soil containing 18 per cent 
water soluble salts, principally sodium and magnesium sulphates. Whitmore Strain 
Gage and curl measurements were made periodically. 

The investigation has not been concluded, but from the incomplete data at hand 
it would appear that: 


1. On the same subgrade the amount of curl was slightly reduced with the reduc- 
tion of C;A. 


2. In all cases there was considerably greater curl in the slabs on the alkali sub- 


grade. 

3. Before failure of a slab, due to alkali action, there was a sudden increase both 
in linear dimensions and curl. Cracking with subsequent complete failure followed 
soon after this sudden movement. 


4. The low C;A cement showed much greater resistance to the alkali than either 
of the other two cements, the high C;A having cracked in approximately 6 months, 
the medium C;A in 8 months, and the low C;A still being intact after about 18 
months. 


Notes of the strengthening of the Barrage des Cheurfas by 
metal tie-rods placed in tension 


M. Drovnin (Engineer of Ponts et Chaussees Les Annales des Ponts et Chaussee Aug. 1935 


Reviewed by B MoREEL! 

The “barrage des Grands Cheurfas” in Algeria was constructed in 1880-1882, of 
rubble masonry, with a height of 30 metres (98.5 feet). In 1885, one abutment failed, 
resulting in a partial failure of the dam which was reconstructed over half its length 
with a new alignment but using the same cross-section. 

The exceptional floods of 1927-28 and the failure of another dam in Algeria drew 
attention to the necessity for strengthening the Cheurfas dam. It was recognized 
that the section was too small, to an extent such that large tensions were developed 
in the masonry even before the level of the water reached the normal storage level. 
There were also other deficiencies which are not discussed in detail in this paper, 
the purpose of which is to describe the method of compensating for the insufficiency 
of the cross-section. 

In brief, the method consists of drilling vertical holes near the upstream face of 
the dam, the holes extending from the crest to a point well below the foundation 
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bed. In each of these holes, there is placed a steel cable the end of which is sealed in 
the underlying soil by means of injections of cement grout. Above the seal, the bond 
between the cable and the masonry is broken by means of a plastic envelope on the 
cable. The upper end of the cable terminates in a reinforced concrete block. Between 
the underside of this block and the top surface of the dam, hydraulic jacks are 
inserted, to be used to place the ties in tension. When the desired degree of tension 
has been attained, the blocks are wedged up and the jacks removed. 

A complete description of the installation is not practicable here but a statement 
of some of the principal features may be of interest. The ties were approximately 
150 ft. long, and consisted of 630 wires, 5 mm. in diameter, which are tied together 
to form a cable approximately 6 inches in diameter. In the center of the cable is a 
one-inch tube used for grouting the lower end of the cable when in final position. 
The ties are spaced about 13 ft. on centers and each tie is designed to take a tension 
of 1000 metric tons. Provision is made for re-application of the tension to compensate 
for plastic yielding of the masonry and of the ties. 

The method used for breaking the bond between the tie and the masonry and for 
transferring the stress from the tie to the foundation stratum and to the anchor 
block at the upper end are of special interest and are worthy of careful study by 
those interested in this subject. 


A study of the vibration of concrete 
M. Mary (Engineer of Ponts et Chaussees). Les Annales des Ponts et Chaussees, p. 338, March, 1936 
Reviewed by B. Moreeui 


An account of experiments undertaken at the Laboratory of Ponts et Chaussées, 
Paris, to investigate the phenomena of the method of transmission of vibrations in 
concrete and the influence of variables such as the speed, amplitude and duration 
of action of the vibrators and the characteristics of the concrete. The investigations 
were conducted utilizing a piezo-electric quartz cell, specially constructed for this 
purpose. The cell is buried in the concrete and the fluctuations of the electric 
current permit the measurement of the frequency and intensity of the vibrations 
The apparatus is described in detail. 

Vibrators of various kinds (electric and pneumatic) were used. Experiments 
were made to determine the desirable characteristics of forms for the test specimens, 
in order to obviate the influence of form vibrations. An important departure from 
the usual experiment was the use of Kieselguhr in lieu of cement in order to remove 
the variable which the commencement of setting might introduce and to permit the 
use of one mixture for a number of experiments. Preliminary experiments had 
indicated that the behavior of the Kieselguhr mixtures under vibration was the same 
as that of the cement mixtures. 

The experiments have not yet been completed but some conclusions would appear 
to be warranted. Among these are the following: 

(a) Vibrations are transmitted very regularly when the vibrator is surrounded by 
an envelope of water or fluid mortar. Irregularities result when the vibrator is in a 
dry medium. 

(b) The fluidity of the concrete appears to have little effect on the regularity of 
transmission provided the vibrator itself is in a fluid medium. 

(ec) Vibrations appear to be transmitted better in a gravel concrete than in a 
crushed stone mixture. 

(d) Even though both vibrators had the same power, one operating at 6000 r.p.m. 
was more effective than one operating at 4000 r.p.m. 
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(e) A series of experiments with pneumatic vibrators indicated a rather sharp 
increase in efficiency at 5000 r.p.m. and above. However, the experiments cannot 
be considered conclusive. 

These experiments will be continued. The investigators have in mind the possi- 
bility of using the quartz cell as a field instrument to determine the composition of the 
concrete which is best adapted to compaction by vibration, as well as the most 
efficient apparatus to use with the materials available. The detailed accounts given 
in the paper are well worthy of a careful study by those who are especially interested 
in the development of vibrator processes. 


Studies of workability in construction of reinforced concrete 
influence of the principal factors involved 
Caquvot anv Faury. Annales de UInstitut Technique du Batiment et des Travaux Publics., V. 2, July- 
Aug., 1937, p. 3 Reviewed by W. H. Herscuen 
The flow table measures fluidity but not the essential property of plasticity, so 
new apparatus were devised. The first consisted of a box with sloping bottom. 
One end of the box has an opening covered by a grating. By suitable manipulation 
of a three pronged rammer, the concrete is forced through the grating for a distance 
L, which is taken as a measure of plasticity. The second test method (JouRNAL 
American Concrete Inst., May-June 1937, p. 627) consists in rodding the concrete 
into cubical molds, one with and the other without reinforcement, the ratio of 
densities of concrete in the two molds being taken as a measure of plasticity. Disre- 
garding mixes which segregate badly, the two test methods will arrange concretes 
in the same order of excellence. If D is the maximum diameter of particle, the free 
space between reinforcing bars should be at least D + 5mm. Also on account of 
“wall effect,’’ D should be limited, according as the particles are rounded or angular, 
to 34 or *% of the clearance between bars, in order to assure perfect filling of the forms. 
From tests on concretes with D of 20 to 25 mm., an optimum grading was determined 
for river sand and gravel, showing higher percentages passing the sieves than for 
the Fuller curve, and lower percentages than given by Bolomey’s equation y = 12 + 


vd/D. The optimum grading was as follows. 


Diameter of Sieve Per Cent Passing, Diameter of Sieve Per Cent Passing, 
Opening, mm Incl. Cement Opening, mm Incl. Cement 
0.1 15 5.0 50.0 
0.5 24 10.0 64.0 
1.0 30 20.0 100.0 
2.0 37.5 


Bolomey’s equation was based on a study of concretes with D up to 100 mm. 
It was found in the present investigation that whatever the proportion of fines 
(cement and sand less than 0.5 mm. diameter) the best grading required 37.5 per 
cent to pass a sieve with 2 mm. openings, provided not over 15 per cent passed 0.1 
mm. Good plasticity can be obtained with 21 to 31 per cent fines, but outside these 
limits the concretes are inferior, especially for placing by vibration. The sand- 
gravel ratio depends on the proportion of fine pebbles and coarse gravel, being 0.80, 
0.65 and 0.50 respectively for 10, 30 and 50 per cent fine pebbles (5 to 10 mm.). 
In the majority of cases poor quality of concrete is due to bad grading of aggregate 
rather than to poor cement. The problem is to proportion the sand and gravel to 
give suitable plasticity and adequate cohesion with the minimum amount of water. 
Only three sieves are needed, (openings 0.5, 5 and 10 mm.) and when the propor- 
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tions of the different aggregates are known, the granulographs may be used to locate 
5 points on the grading curve automatically without calculation. 


A study of portland puzzolanic cements 
Progress Report, California Department of Public Works. Highway Research Census, Ma-41.114 
Highway ResearCH ABSTRACTS 

The project was originated to determine the effects of calcination and type of 
admixture in puzzolanic type portland cements, and to compare the results with 
commercial and special cements in an endeavor to develop specifications for sea 
water and alkali resisting cement. Later the project was enlarged to include all 
commercially manufactured cements in California suitable for highway use in a 
comprehensive study of strength, action in sea and sulphate waters, volume change, 
chemical and physical properties, surface area, particle size distribution, bleeding, 
Merriman, Stenzel and other sulphate durability tests, autoclave soundness test, and 
any other tests developed to help explain the action of cement. 

Several puzzolanic type cements were manufactured from two basic clinkers in 
combination with various admixtures, both uncalcined and calcined. These, with 
commercial standard and special cements, were made into 2 x 4-in. cylinders from 
1:2 and 1:3 (by volume) mortars, the flow and yield being held constant. Cylinders 
were cured in fresh and salt water, and sodium and magnesium sulphate solutions. 
Bars 1 x 1 x 10-in. were cast from neat cement and from the same mortars as were the 
cylinders, to determine the volume change under the same curing conditions to which 
the cylinders were exposed. Periodic measurements were made of changes in length. 
Physical, chemical, and hydraulic tests were made upon the admixtures in an endeavor 
to classify them. Merriman and Stenzel slabs and laboratory modifications of those 
tests were made in order to develop a rapid laboratory test that would indicate the 
durability of a cement. Additional work is being done to determine the effects of 
varying percentages of C;A and C,AF of the same general clinker. 

The data, though incomplete, indicate that: 

1. A good clinker can be ruined by an admixture that undergoes volume change in 
the presence of sulphates. 

2. A poor clinker can be improved by a good siliceous admixture. 

3. A good clinker can be made more durable with a good siliceous admixture. 

4. None of the cements with siliceous admixtures under these tests were durable 
in the presence of magnesium sulphate or chloride. 

5. All of the cements with siliceous admixtures under test showed up favorably 
in both the Merriman Slab test and the Stenzel test, regardless of how durable they 
were in mortar or concrete tests. 

6. Cements with siliceous admixtures showed greater shrinkage in air, and slightly 
greater swell in water. 

7. Cements in sea water showed much greater swell than those in fresh water. 

8. Disintegration in sulphate solution can be predicted by the abnormal] swell of 
bars cured in those waters. 

9. The rate of disintegration in sodium sulphate solution appears to be a function 
of the C;A content of a cement. 

10. The type of disintegration was very similar in both concentrate and dilute 
sodium sulphate, but the reaction was slower in the weaker solution. 


11. Cements that were apparently durable in the presence of sodium sulphate 
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were not durable in the presence of magnesium sulphate, indicating that of the two 
solutions, magnesium sulphate is the more aggressive. 

12. Some cements disintegrated more rapidly in dilute than in concentrated 
magnesium sulphate, and show a different type of failure, indicating that the reac- 
tions with the dilute solution might be different than those with the concentrated 
solution. 


Autogenous healing of cement and concrete 
Lesuie TurNeER, London. International Association for Testing Materials, April, 1937 
Hicguway Researce ABSTRACTS 

Investigating the self-healing properties of cement and concrete, standard bri- 
quettes were broken in accordance with the British Standard Specification for testing 
cement, about 1,400 original and 1,400 re-break tests being made on portland cements 
from four European countries. Neat cement and 1:3 mortar specimens were made 
and stored in accordance with the B.S.S. and were broken initially at 1, 3, 7 and 28 
days. After the first fracture the halves were carefully refitted and held together by 
rubber bands. They were then placed in water until re-tested after periods of 1, 3 
and 6 months. 

Results vary in general from recovery of a small percentage of the original strength 
up to 139 per cent, depending on the relative age at first and second breaking and on 
other factors incidental to cement testing and curing. The highest healing percentage 
measured was about 2,000 per cent at 6 months, and in this case everything was in 
favor of high results. 

Favorable conditions for recovery are: (1) low strength at early age due to damaged 
cement, low temperature, etc.; (2) early first break; (3) long period of healing under 
warm conditions; and (4) late re-break 

Results confirm the conclusions of previous investigators, and it is safe to say that 
all normal portland cements possess the property of healing in the presence of mois- 
ture and at temperatures that permit normal hardening to proceed. From these 
tests the amount of healing in tension to be expected at a fracture with no lateral 
displacement would be approximately: 


For Neat Cement 
l day, 20 per cent ) 
When ) 3 days, 13 per cent of normal strength 
Broken at 7 days, 8 per cent regained after 6 months 
i 28 days, 7.2 percent | 
For 1:3 Sand or Concretes 
( 1 day, 19 per cent 
When } 3 days, 18 per cent 
Broken at 7 days, 10 per cent 
{ 28 day s, 9 per cent j 


f 


of normal strength 
regained after 6 months 


Regained strength at shorter intervals follows a curve similar to but flatter than a 
normal! strength-gain curve. 

With fractures after a few hours only of setting, the healing curve would approach 
the ordinary strength curve much closer, so that loss of strength even in tension 
would be less. 

Healing in compression was also carried out on cylinders 5 inches in diameter and 
10 inches long, composed of 1:2:4 concrete. These were crushed at 28 days until 
definite cracks were visible. The cylinders were then stored in water and tested 
again 6 months later. In most cases increases in strength up to 37 per cent were 
recorded, although it is apparent that healing is related to the initial damage sustained. 

Healing may be explained by (1) the further reaction of moisture on unhydrated 
surfaces of cement bared by the fracture; (2) continuation of the crystallization of 
the originally formed gel; (3) the intercrystallization of fractured crystals. 
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From the practical point of view the results have a bearing on the following: 

(1) The strength of regauged concrete often noted. 

(2) Possibility of repairing precast units cracked during early handling. 

(3) Sealing against corrosion and re-knitting of cracks in concrete piles developed 
during their handling or driving. 

(4) The sealing of water containers. 

(5) The disturbance of set green concrete by properly produced vibration waves, 
which should not even cause tension fractures, should cause no loss of strength on 
this account. Heavy shock due to faulty appliances or form-work is, of course, not 
considered here. 

ADDITIONAL REFERENCES 

The Autogeneous Healing of Concretes and Mortars: H. J. Gilkey. Proceedings, American Societ 

for Testing Materials, 1926, V. 26, Part III, pp. 470-487 


The Tensile Autogeneous Healing of Portland Cement Mixtures: H. J. Gilkey Proceedings 
American Society for Testing Materials, 1929, V. 29, Part II, pp. 593-610 


y 


Waterproofing concrete 
E. W. Bauman, Engineer of Materials and Tests, Tennessee Department of Highways and Public 
Works. Highway Research Census, Ma-41.131 HicgHway ResEARCH ABSTRACTS 


In order to evaluate various materials used for sealing concrete, an attempt 


was made to seal a highly absorptive concrete manutactured in the laboratory with 
a high water-cement ratio and coarse aggregate which had a very high per cent 
absorption. After the concrete was cured for 28 days, the absorption was determined 
and found to be approximately 11.5 per cent. The specimens, in the form of 6-in. 
were then dried in an oven and sealed as follows: 


Gallons Prime Used Gallons Seal Used 

Explanation per 100 Sq. Ft. of Surface | per 100 Sq. Ft. of Surface 
Plain beams—no sea! 
Marine Cement 158 
Wax-Sol-Buckner 
M-10 Emulsion 
3 Coats tar prime—1 coat seal 
6 Coats tar prime—1 coat seal 


The specimens treated with seal material were allowed to dry and the original 
weight of concrete and seal recorded. They were then immersed for three-fourths 
of their depth in water. Determinations of moisture permeability were made at the 
end of every 24 hours for the first week, after which the specimens were allowed to 
remain in air under atmospheric conditions for several weeks, again immersed, and 
the cycle repeated. 

At the end of 24 hours the plain concrete cubes absorbed almost the total per cent 
as found by the absorption test. At the end of 72 hours as much water was taken 
up by these untreated cubes as when immersion was continued over a period of 4 
months. The cubes treated with marine cement served satisfactorily for a period of 
approximately 30 days, when they began to take on water, with absorption amount- 
ing to 6.83 per cent at the end of a 4-month period. Series 3, 4, 5 and 6 were about 
equal in their value as seal for concrete under ground level. The tubes treated with 
3 applications of tar prime and 1 of tar seal were just as satisfactory as those treated 
with 6 coats of tar prime and 1 of seal. 

After these tests had been completed, the specimens were completely submerged 
in water for 171 days, at which time the absorbed moisture was determined and the 
specimens broken in compression. Visual inspection of the different seal materials 
at this time were as follows: 

Series 2: The seal coat became hard and brittle and peeled off in several places. 
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Series 4: The seal coat became soft and seemed to creep on the surface, causing 
roughness. 


Series 3, 5, and 6: The seal coat remained in the same condition as when applied 
and dry. 

In the Table the percentage of total absorbed moisture at this date is compared 
with the possible maximum absorption of the specimen, and compressive strength is 
shown for each series: 

ABSORPTION AND COMPRESSIVE STRENGTH OF SAMPLES 
Series No 


Total Possible Absorption Unsealed, 
Per Cent f 10.6 


Absorption at time of Breaking, Per Cent i 3 4.9 


Compressive Strength, p. 8.1 : 2346 2465 


Tests of rectangular beams reinforced with high strength 
steels. (An investigation of stress variations in reinforcing 
steel on the basis of measured deformations) 
Paurt ABELEs. Beton u. Eisen, V. 36, No. 17 and 18, p. 282, Sept. 5 and 20, 1937 

Reviewed by A. U. THEUVER 

In this article there is described a very inclusive set of flexural strength tests made 
on rectangular reinforced concrete beams. Included were four types of concrete 
representing one weak and three strong concretes made with two normal portland 
and one high early strength cements in combination with one of three types of aggre- 
gate. The reinforcing steels consisted of the one currently used (St 37), a high 
strength steel (142,000 p.s.i.) (St 100) and a special C.S.R. product known as Roxor- 
stahl. The shear reinforcement was of five types and it is stated that all beam failures 
took place in flexure. Duplicate sets of beams were tested for each type of concrete 
and reinforcing steel. Deflections and maximum crack openings were measured for 
each load increment. On additional pairs of beams the deformations of the rein- 
forcing steel were measured either on a single 50 em gage line or on five 10 em. gage 
lines. Strength and elasticity studies of the constituent materials are described in a 
separate series of articles (Zement). 

Special interest is attached by the author to the deformation measurements made 
on the reinforcing steel and an extended discussion is given over to these data. The 
measurements were made by means of dials and continued to very near the point of 
failure. In spite of the extra number of slits or fillets required when five 10 cm. gage 
lines were substituted for the one gage line of 50 em., cracking was found to commence 
and failure to occur at approximately the same load moments. From this it is 
concluded that the small slits in the beams had no effect on the resisting moments. 
The deformations in the 50 em. gage lines indicated a mean maximum stress in the 
steel (St 100) 20 per cent above the yield point, while those in the 10 cm. gage lines 
indicated a stress 34 per cent higher. The steel deformations for each gage line of 
four comparable beams are shown graphically. The individual deformations for 
each of the 10 em. gages of a given beam are quite uniform at low loads and high 
loads, but exhibit a large spread at medium loads. The maximum difference in the 
indicated stresses in any two gage lines was 56,900 p.s.i. On the basis of a 15 em. 
length, a mean bond stress of 754 p.s.i. was computed, a value, which the author 
states, might very easily be doubled if taken over a shorter length and which may be 
regarded as extreme even for the excellent concrete considered. This stress repre- 
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sents a force of 13,300 lb. that must be transferred to the concrete. A rough estimate 
by the author of the thickness of the area of concrete that takes up this load leads to 
the extremely high concrete stress of 710 p.s.i. It is further pointed out that the mean 
stresses obtained from the deformation measurements are in some cases even larger 
than the computed stresses, and in those gages containing cracks, this is assumed to 
indicate that the lever arm of the resisting couple must be shorter than jd (i. e. a 
plastic change occurring) even under the medium loads (where the spread is greatest). 
Tests to determine just how the concrete deforms over a cross-section is considered 
a matter of interest. A question posed and pertinentely discussed is the exact stress 
distribution over a cracked cross-section. 

A set of values consisting of the ratios of the steel stress at failure to the steel stress 
at the yield point and termed “plasticity factors” are tabulated for all the tests. 
It is pointed out that, in the case of high strength concretes both with light and heavy 
reinforcement, high computed steel stresses obtain at failure (plasticity factor > 1). 
With weak concrete when reinforced with St 37, they are only slightly more than 
one and when reinforced with St 100, they are greater than one only for beams 
lightly reinforced. 

The need of a new basis of design is then developed from a consideration of factors 
of safety obtained with different combinations of strong and weak concretes with 
normal and high strength steels. The method of Saliger is stated to be both simple 
and direct. In Saliger’s development, however, the cooperation of the average con- 
crete tensile stress was not taken into consideration. Some discrepancies are to be 
found in his earlier reports. By now taking into account the “plasticity factors’’ 
developed in this study, the author states that very excellent agreement between 
theory and fact is obtained. 

The importance of the shape of the stress-strain curves of both materials is empha- 
sized. From the data it was found that, of two concretes, one with a relatively high 
tensile bending stress and high plasticity and another with a relatively lower strength 
and small plasticity, there resulted no substantial difference in the resisting moments 
of the reinforced beams. 

A further consideration of cracking leads to the conclusion that the beginning of 
cracking (except for special structures, such as water tanks, etc.) does not serve as a 
measure or indication of load carrying capacity. It is stated that with light rein- 
forcement, cracks begin at relatively high stresses and open rapidly, whereas, with 
heavy reinforcement cracks appear at relatively low stresses and then open but 
very slowly. 

On the basis of these tests, the author concludes that the classical design formula 
is defective wherever high strength materials are used and that the newer method of 
design is fully justified on the basis of experience and tests. 


Porosity and permeability of concretes 
M. Ferret (Chief, Laboratory of Ponts et Chaussees of Boulogne-sur-Mer) Les Annales des Ponts et 
Chaussees, July, 1936. Reviewed by B. Moreeiu 
In this paper, M. Feret, the noted research worker in cement and concrete, pre- 
sents the results of his comprehensive studies to determine some of the causes of the 
disintegration of concretes when exposed to aggressive waters. M. Feret deplores 
the recent tendency toward the determination of relative resistances of concretes 
to saline solutions by passing the solutions through the concrete utilizing high pres- 
sures. He asserts that there is a marked and important difference between porosity 
and permeability of concretes and that this difference must be recognized and weighed 
before a proper interpretation of the results of tests can be made. The importance 
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of this paper warrants the presentation of certain extracts verbatim. These are 
given below. 

“Porosity is defined as the total volume of the spaces which lie between the solid 
elements in a unit volume of hardened concrete. These spaces may be occupied by 
air or by water. The more finely divided and numerous these spaces, the greater 
the tendency for liquids to penetrate into the mass by diffusion, i. e., by capillary 
action only. 

“Permeability is the property of a material which permits the passage through the 
material of a quantity of liquid or of gas, acting under the influence of a difference 
in the pressures which are exerted on the two opposite faces of the block of material. 
It (permeability) depends entirely upon the dimensions of the largest interstices and 
of the channels by which these interstices are connected to each other. 

* * + 

“Tt can be readily seen that porosity and permeability can have very different 
effects in the determination of the resistance of mortars and concretes. For example, 
if a small quantity of cement is mixed with a definite volume of sand composed of 
very fine grains, the hardened mortar will contain many pores of small size, where 
the cement will offer a relatively large area to the attack of penetrating liquids. If 
the same quantity of cement is mixed with the same volume of sand of large grains, 
the cement will form around the sand grains and especially at the points of contact, 
an envelope of comparatively compact paste which will cement the grains together, 
at the same time leaving between the grains, large interstices, by the intermediary 
of which the liquid will traverse the material as through a sieve, without attacking 
the cement. 

“T have already published (Annales des Ponts et Chaussees, July, 1892) some 
experiments which indicated quite clearly that sea water can produce effects which 
differ markedly, depending upon whether the water acts by filtration through 
permeable mortar or by diffusion in porous mortars, in a static medium. 


* * * 


“Tt can be seen (i. e., from the experiments described) that mortars containing 
few fine grains of sand were the most permeable (i. e., under pressure head) and were 
not decomposed, while the others (i. e., with fine sand) allowed little water to pass 
through them and disintegrated in direct proportion to the quantity of fine sand 
which they contained. 

“Therefore, it follows from the totality of these various experiments that, of the 
mortars simply immersed in sea water, those which did not contain fine sand (where 
the cavities were largest) decomposed, while the others (i. e., with fine sand) remained 
intact. On the other hand, when the sea water was applied so as to pass through the 
specimen, the first (without fine sand), very permeable, showed a small deposit of 
efflorescence on the exterior surface, without decomposition, and only the mortars 
made with fine sand, which allowed only a small amount of water to pass, suffered 
important deterioration. 

“These results, apparently contradictory, can be explained as follows: 

“When the mortar is not sufficiently compact to prevent the penetration of sea 
water there results a chemical action between the absorbed liquid and the cement. 
This chemical action results in products of decomposition of a more or less expansive 
or voluminous nature. 

“In a water which is completely at rest and without differences in pressures, the 
very fine pores of a mortar made with fine sand are quickly filled by these products 
(of decomposition); the water cannot be replaced (by other water) and the decompo- 
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sition does not progress. On the contrary, the large openings of the mortars without 
fine grains are in free contact with the circumambient liquid; a part of the dissolved 
calcium hydrate is carried off to be carbonized on the exterior and the products of 
decomposition, accumulating in the cavities, eventually burst the surrounding 
material. 

“If these same mortars are subjected to tidal action in a manner such that they 
can completely drain themselves after each immersion, a part of the products of 
decomposition are carried off at the same time as the contained water and the dis- 
integration is less rapid. 

“Finally, if the mortars (i. e., without fine sand) are exposed to differences in water 
pressure, there is established a flow through the channels which carries off the destruc- 
tive compounds; the mortar is “thinned out” but is not disintegrated. 

“‘As for the mortars with pores which are very fine and very numerous but which 
can be traversed by the water (a condition which can always be obtained if the pressure 
is sufficient) the cement, which has been; very much distended, presents to the 
corrosive salts a large area to be attacked; the products of decomposition, which 
can be expelled only with great difficulty, accumulate in direct relationship with the 
rate of passage of the ‘new’ water, and the mass is soon cracked, or even disintegrated. 

“In practice, it is very rare that mortars are immersed in sea water which is com- 
pletely tranquil. Even when masonry constructions are protected from wave action, 
which is the case for interior harbor works, they are, nevertheless, subjected to tidal 
action and, therefore, differences of pressure from which result continual infiltrations. 
The practical conclusions to be drawn from the foregoing would appear to be that it 
is more important to give consideration to the multiplicity of capillary pores than to 
the permeability of mortars. 

“One should not, however, go to extremes and favor very permeable mortars, 
because, apart from the fact that such mortars continually become more and more 
‘thinned out’ as long as there are elements in the cement susceptible of being carried 
off, it is possible that, as a result of progressive deposition, their permeability can 
be reduced to a point where the latest products of decomposition will begin to accum- 
ulate. Nevertheless, in the “filtration” experiments described above, none of the 
mortars which were permeable in the beginning was cracked. 

“T have had numerous confirmations of the poor behavior in sea water of mortars 
in which the cement is ‘spread out thin’ in connection with the study of ‘Cement 
Amaigri’ (thinned-out cement) which is a mixture of cement and inert minerals 
ground together into a fine powder. When the quantity of cement proper is not 
sufficiently great to assure a density which will prevent the entrance of water from 
the exterior, the increase in the mixing water necessitated by the stone dust produces 
a very plastic mixture, it is true, but one which contains a large number of capillary 
pores. The circumambient liquid diffuses through the interior or the mass and adds 
to the destructive salt in contact with the cement, the surface of attack of the latter 
being multiplied by the interposition of the inert particles which have been added. 
Experiments have indicated that such mortars disintegrate rapidly. 


* a2 * 


CONCLUSION 


“Within the limits of the experiments described herein, regardless of the nature of 
the cement, the richness of the mortar, its consistency or the character of the “sand 
grains,’ it has always followed that the density of the fresh mortar and the strength 
of the hardened mortar attained their maximal values for those compositions which 
. . . . ¢ontained approximately 78 per cent of ‘coarse-grained’ sand and 22 
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per cent of cement and ‘flour’ sized material, with very little or no fine sand inter- 
mediate between these two sizes. 

“As always, one rediscovers the law of ‘discontinuous mixtures’ (i. e., jump grad- 
ings) which I proposed some fifty years ago and which is still so greatly contested. 
As applied to concretes, certain practicing engineers object that it results in mixtures 
of which the larger ingredients tend to segregate during transportation. But, if this 
occurs with wet mixtures which are transported over long distances, it should not be 
feared with concretes which are placed by ramming or by vibration, the use of which 
is becoming more and more general. 

“With respect to susceptibility to chemical decomposition, we have seen from the 
first part of this study that, with cement of the same nature and quality, it depends 
principally on the quantity of capillary voids, which is determined by the experiments 
on porosity. Now, it follows from the experiments reported in the second part of 
this paper that, all other conditions being the same, the pososity is rapidly increased 
as the quantity of mixing water is increased, whether the increase results from the 
nature of the granular materials, from the proportion of fine sand or powdered mater- 
ials, from the nature of the latter or from the degree of fluidity desired for the mixture. 
The choice of materials and their proportions should be directed toward accomplish- 
ing a reduction in the quantity of mixing water to a minimum consistent with obtain- 
ing a concrete which is well bound-together and can be easily placed in the work 
concerned. In particular, the use of powdered material, which could be of utility 
by improving the plasticity of concretes which are deficient in cement and find sand, 
should be regulated in a manner such as to require the addition of a very small amount 
of mixing water, especially if the powder does not have puzzolanic properties which 
would warrant its inclusion, with the cement, as participating in the fixation of 
part of the mixing water. 


= 


“As for the cementing medium itself, in addition to the fact that its chemiea 
composition should be such as to resist decomposition, it should evidently have a 
rate of hardening sufficiently rapid so that when the structure is exposed to aggressive 
liquids, the greater part of the pores in the mortar will already be obstructed by 
insoluble materials resulting from the prior action of the water and from the carbon- 
ization of a large part of the liberated calcium hydroxide.” 
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News Letter 





34th Annual A. C. I. Convention 
Palmer House, Chicago 


February 22, 23 and 24, 1938 


Some of the subject matter of the Institute’s 34th Annual 
Convention at the Palmer House, Chicago, Tuesday, Wednesday 
and Thursday, February 22 to 24, 1938, is indicated in announce- 
ments of the Program Committee, F. R. MeMillan, chairman. A 
detailed program will be published in these pages in the next 
JOURNAL issue—January-February. 


A CONFAB HOUR—TUESDAY AFTERNOON, FEB. 22 


No matter how timely, interesting and significant is the subject 
matter of an annual convention program there is no denying the 
contention of seasoned convention-goers that at least half the value 
of convention week is incidental to the scheduled program. Men 
go to conventions to meet their kind, to discuss problems peculiar 
to small groups, to mingle and debate with individuals the ins and 
outs of problems current in their minds or jobs. This year the 
Program committee gives formal recognition to these important 
informalities; provides at least a nucleus for these side-line dis- 
cussions. Thus: 

Several of the more active A. C. I. committees will be assigned 
tables in the rear of the meeting room. There will be chairs at 
sach table and the tables will be designated for such committees. 
The Chairman or the Secretary and other members of each com- 
mittee present will foregather there immediately after the first con- 
vention session—a short session, to meet all comers who have an 
interest in some phase of the committee’s work. There will be no 
formalities and new A. C. I. members or non-members are urged 
to crack the ice of their diffidence and make themselves known and 


(1) 


~ 






eer il 


mike. 25a ceeds Bt ek 60 aeengtint ons S2aiee 


Bam 


en Wee RE. 


eee ee 
et A AE 


“ee am ue ge Sw 


TES 


£8 2 ee 


SAGAS ABGEO 


eS ee ee ee ee 


ee OD ay te ire we HSH 


oe 





2 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Nov.-Dec. 1937 
say or ask what is in their minds. Chairmen of Institute committees 
are selected with a great deal of care. They are competent to 
represent the best thought of the special field to which each one is 
assigned. The confabs begun under such circumstances are not 
only to be encouraged for their own immediate value but because 
they are a means of opening up the doors of the Institute to the 





full value of its personnel. 


The contacts afforded by the Institute 
are an importnat part of what it has to offer. 


The full use of these 


contacts need not be restricted to the hour and a half or two-hour 


period especially set aside for them. 


They may be continued at 


odd intervals throughout convention week and they may easily 
ripen into organization experience of great value. 


TUESDAY AFTERNOON, FEB. 22 
Mass Concrete 


The design and construction of a 
considerable number of large hydraulic 
structures in recent years have justified 
because of outlay and the relatively 
greater importance of maximum dura- 
bility, vast programs of research of 
unprecedented extent. The Institute’s 
Committee 108, Properties of Mass 
Concrete, has been a clearing house for 
many of the accumulated data of 
such research. Prof. R. E. Davis and 
F. R. MeMillan, respectively chairman 
and vice chairman of the committee, 
together with other members of the 
committee, have supplemented the 
summary of these data by inspections 
of a considerable number of structures. 
The resulting information is brought 
together and the significance of all 
these studies is taking shape in a 
comprehensive report which may not be 
completed and ready for publication 
by the Institute for another year. 
Meanwhile, certain important chapters 
of the committee’s report are nearing 
completion by individuals of the com- 
mittee assigned to special parts of the 
work. Several of these are scheduled 
to be presented in closely knit digests 
at the first 2-hour session of the con- 
vention—2 p. m., Tuesday, February 
22. 


TUESDAY EVENING, FEB. 22 
Building Code 


The Institute’s Building Code tenta- 
tively adopted in 1936, is already the 
basis of an increasing body of municipal 
building ordinances, in some cases 
adopted in large part by reference. 
Still, the Institute’s Committee 501, 
Standard Building Code, A. W. 
Stephens, Chairman, and Prof. R. R. 
Zipprodt, Secretary, is not satisfied 
No new code is ready for presentation 
to the Institute nor is the 1938 conven- 
tion to be asked to accept a revision 
of any part of the present code. (No 
new code or revision will, under the 
Institute’s new Rules with respect to 
A. C. I. Standards, be presented for 
adoption without review possibly not 
without hearings by the new Standards 
Committee.) But Committee 501 has 
revisions under consideration and anti- 
cipating the eventual scrutiny by the 
Standards Committee 
code is presented, the Code Committee 
will itself conduct a hearing. It will 
get the 


before a new 


reaction to the 
present code and to proposed changes 
in it as a guide to its work in the next 
year. Since under the new 


convention’s 


rules no 
proposed standard may be revised on 
the floor of the convention without a 
nine-tenths with a 


vote (in contrast 


mere majority as in 1936) it is impor- 
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tant that critics of the work of the 
Code committee take advantage of 
such an opportunity as the 1938 con- 
vention will afford on the evening of 
the first day—S8 p. m. Feb. 22. Advice 
of intention to present discussions 
requiring more than five minutes con- 
vention time should be given by 
February 1 to the Secretary of Com- 
mittee 501 and to the Secretary of the 
Institute. 

As to the Code chapters and sections 
under further study and open for dis- 
cussion, Professor Zipprodt, Secretary 
of Committee 501 says: 

““A proposed revision of Chapters 1 
(General) and 2 (Materials and 
Tests) will be presented for discussion. 
Other subsequent chapters may also 
be presented, provided the editorial 
sub-committee has opportunity to act 
upon them. The proposal for these 
revisions is occasioned by the desire of 
committee 501, to place all definitions 
of terms in chapters to which they par- 
ticularly apply, rather than to have 
them segregated in Chapter 1, as at 
present. Chapter 7, particularly Sec- 
tions 706 and 709, will be presented 
in considerably revised form, to make 
Section 709 (Floors with Supports on 
Four Sides) more readily usable by 
designing engineers. Chapter 10, as 
particularly related to the design of 
spirally reinforced concrete columns 
will be somewhat revised; it is also 
anticipated that our sub-committee 
dealing with this particular chapter will 
present a revision of Section 1110 
(Permissible Combined Compressive 
and Tensile Stress) for discussion and 
comment, also to make that section 
more usable.” 

Eccentrically Loaded Columns 

For this same evening session, F. E. 
Richart, Research Professor of Engin- 
eering Materials, University of Illinois, 
has in preparation a paper recording 
the results of a study of eccentrically 
loaded columns. 


WEDNESDAY MORNING, FEB. 23 
Advisory Committee 

No general convention session is 
planned for the forenoon Wednesday. 
F. E. Richart, Chairman of the Advis- 
ory Committee has called a meeting of 
members of the committee for 9 a. m. 
that day and other committee meetings 
are likely. 

A.C. I. Affairs 

At the opening of this Wednesday 
afternoon session there will be the 
usual short period devoted to Institute 
affairs—a brief address by the retiring 
President J. C. Pearson; the announce- 
ment of the results of the Institute’s 
annual election and induction of new 
officers. 

WEDNESDAY AFTERNOON, FEB. 23 
Two Concrete Monuments 

Carroll Bullen will report the solution 
of unusual construction problems in 
the erection of a concrete monument 
in Texas. 

John J. Earley will describe the 
architectural treatment and the con- 
struction expedients in his work on 
the Thomas A. Edison monument at 
Menlo Park, N. J. 

Shell Domes 

J. E. Kalinka is preparing a paper 
for this session on the principles of 
shell dome design. 

WEDNESDAY EVENING, FEB. 23 
34th Annual Dinner 

At the 34th Annual Dinner President 
Pearson will present Leonard C. Wason 
medals, on behalf of the Board of 
Direction in recognition of outstanding 
contributions to Institute work. Fol- 
lowing this there will be two short 
addresses (total time not to exceed one 
hour) by Frank T. Sheets, President 
Portland Cement Association, Chicago, 
and William J. Cameron of the Ford 
Motor Co., whose talks, usually on 
matters of social and industrial interest, 
on a country-wide radio net work, are 
a feature of the Ford Sunday Evening 
Hour. 
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THURSDAY MORNING, FEB. 24 

Research 

The first ‘open meeting’ of the 
Institute’s Committee 115, Research, 
was a feature of the 33rd Annual 
Convention in New York last February. 
Prof. M. O. Withey (University of 
Wisconsin) Chairman, and Prof. inge 
Lyse (Lehigh University) Secretary, 
and other members of the executive 
group of Committee 115, held a meet- 
ing in Washington, Wednesday, Dec. 1 
and worked out a plan for the com- 
mittee’s second open meeting Thursday 
morning, Feb. 24 at the Palmer House, 
Chicago. The meeting is of, by and 
for the research men in the concrete 
field. They will discuss outstanding 
research work now in progress and if 
this proves to be of as much general 
interest as was the meeting in New 
York last winter, the committee’s con- 
clave promises to be well attended. All 
are welcome to attend this committee 
meeting. 

THURSDAY AFTERNOON, FEB. 24 

Concrete to Resist Destructive Agents 

Kindred subjects in the broad field 
of study to make concrete proof against 
special destructive agents, will be the 
subject of papers and _ discussions 
Thursday afternoon. T. E. Stanton 
of the California Division of Highways, 
Sacramento, will report the results of 
a considerable study of the sulfate 
resistance of cements and concretes. 
Dr. T. Thorvaldson of the University 
of Saskatchewan, Saskatoon, will pre- 
sent a discussion of the results of 10- 
year tests of sulfate resistance. Dalton 
G. Miller, Senior Drainage Engineer, 
U. 8S. Dept. of Agriculture, University 
Farm, St. Paul, Minn., will discuss the 
conditions which must be met by 
builders of silos in providing resistance 
to ensilage juices. Silos constitute an 
industry in the Northwest and Mr. 
Miller’s subject matter now supplies 
the basis of labors of a new A. C. I. 
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committee under the chairmanship of 
Prof. C. A. Hughes of the University of 
Minnesota (see page 9) in its purpose to 
provide the working rules for silos 
especially those of concrete staves 
which will insure good silo service under 
trying conditions. 
THURSDAY EVENING, FEB. 24 

Cold Weather Concreting and Design 

Practice 

R. B. Young, Chairman of Commit- 
tee 604, Winter Concreting Methods, 
reports a first draft of 
for Cold 


Construction. 


tecommended 
Weather 


It is expected that this 


Practice Conere te 


work will be far enough along to be 

considered and discussed, preliminary 

to a further report of the committee. 
Albert Smith & 


Engineers, Inc., Chicago, will present 


Smith, of Brown, 


a critical review of design practice in 
relation to reinforced concrete. 

Prof. G. A. Maney, Wason medalist 
last February for his ‘Analysis of 
Multiple Span Rigid Frame Bridges 
by the Slope Deflection Method” will 
present a paper at this final session of 
the A. C. I. 1938 convention discussing 
the question: “Should the Method of 
Analysis be Determined by the Type 
of Rigid Frame to be Designed?” 

The Chicago Committee 

B. H. Rader, 
A. C. I. (1905) 
Lehigh Portland Cement Co., Chicago, 


a charter member of 

and Vice-President 
is now active as general chairman of the 
19388 A. C. I. 
Committee. 
Rader’s 
convention by 


Chicago Convention 
The responsibility of Mr. 
“Sell” the 


bringing its 


committee is to 
subject 
matter and its opportunities for per- 
sonal contact, to the attention of all 
Institute 
who should and benefit 
in the held at the 
Palmer House Feb. 22, 23, 24, 1938. 


non-members of the 
find 


meetings to be 


those 


interest 
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The annual A. C. I. election 


Members of the Institute will 
receive in the course of the next few 
days following the publication of this 
JOURNAL, ballots and addressed envel- 
opes in which to return them. These 
are ballots for officers and other mem- 
bers of the Board of Direction and for 
members of next year’s Nominating 
Committee. They are returnable to 
the Secretary-Treasurer of the Institute 
before noon, February 18, next,* to 
be canvassed Feb. 22 for announcement 
at the 34th annual convention of the 
Institute in Chicago, February 22 to 
24. There having been no additions 
to nominations made by the Nominat- 
ing Committee the ballots will include 
only the names submitted to the mem- 
bership of the Institute in the report 
of the Nominating Committee in the 
September-( etober issue of this Jour- 
NAL. 


A. C. I. Board meets Feb. 21 


While the 1938 A. C. I. convention 
does not get under way until Tuesday, 
Feb. 22, at the Palmer Heuse, Chicago, 
the Board of Direction of the Institute 
with many things to discuss for the 
A. C. I. work in 1938, will meet there 
at 10 a. m.. Monday, Feb. 21 and the 
session is likely to last all day. 


Have you old A. C. I. 


volumes to spare? 


The Institute has an inquiry for 
some old volumes of Proceedings of 
the American Concrete Institute and 
its predecessor organization, the Na- 
tional Association of Cement Users 
volumes from 1905 to 1919. If there 
are members of the Institute who wish 
to dispose of their volumes will they 
please write to the Secretary. 


*Or may be mailed to him, care Palmer 
House, Chicago, up to noon, Feb. 22 


Puzzle-anas 


Under this heading will appear from 
time to time one or more selected prob- 
lems submitted by readers of the 
JournaL. The Editor would welcome 
a definite expression of interest in the 
column, pro or con. If problems give 
rise to a considerable number of in- 
quiries, solutions will be published, 
otherwise answers will be mailed indi- 
vidually only to those who request 
them 


The Old Pig Problem 


Three brides, Gretchen, Lisa and 
Susan, went with their husbands, Peter, 
Jason and Hans (not respectively) to 
buy some pigs. Each person bought 
as many pigs as he or she paid shillings 
for each pig. Each husband paid a 
total of 63 shillings more than his 
wife paid. Hans bought 23 pigs more 
than Susan did, and Peter bought 11 
more than Gretchen. How were the 
couples mated? 


A Shrewd Deal 


The following Associated Press news 
item was published as of July 17, 1937: 

“Peter Minuit bought Manhattan 
Island from the Indians in 1626 for 
$24 worth of cloth, beads and stuff. 
Today the Real Estate Board of .New 
York reported that the market value 
of the island, land and buildings, on 
the basis of a thousand market trans- 
sactions this year, was $9,268,000,000.”’ 
\ssuming this report to be correct, 
what is the annual rate of appreciation 
on the original investment? (It is 
suggested that the solver first guess 
at the rate before computing it, and 
take credit unto himself if he doesn’t 
overestimate it.) 
Square Windows 


The professor had a square window 
in his study that was 3 feet high and 3 
feet wide, which he decided to enlarge. 
After some study, he succeeded in 
doubling the area of the window, while 
it still remained a perfect square, 3 ft. 
high and 3 ft. wide. How did he do it? 
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Who’s Who in This A. C. I. Journal 





Roy W. Carlson 


who contributes, ‘A Simple Method for 
the Computation of Temperatures in 
Concrete Structures,” to the Proceed- 
ings pages of this issue has been a 
contributor to Institute work so often 
that it is scarcely necessary to intro- 
duce him to JouRNAL readers. If the 
newcomer those readers will 
refer to pages for January- 
February, 1937 and January-February, 
1935 he will find that Professor Carlson, 
who is Assistant Professor of Civil 
Engineering at the Massachusetts 
Institute of Technology, Cambridge, 
Mass., made many 
contributions to the technique and 
the literature of the field. 


among 
these 


has interesting 


Robert E. Glover 


who contributes to this JouRNAL issue 
“Calculations of Temperature Distri- 
bution in a Succession of Lifts due to 
Release of Chemical Heat,” is not new 
to these pages. Just three years ago, 
in the issue of Novemher- December, 
1934, Mr. Glover had, “‘Flow of Heat 
in Dams,” and at that time Mr. Glover 
was introduced to JouRNAL readers on 
page 5 of the News Letter pages. 

His service at the Denver office of 
the Bureau of Reclamation dates from 
October, 1924 and not 1928 as pre- 
viously mentioned. And as his present 
contribution indicates, his responsi- 
bilities are very largely with problems 
of design which require a knowledge of 
mathematics, such as supplying for- 
mulas and devising methods for analyz- 
ing the structural action of arch dams, 
conduction problems, ete. 


Douglas McHenry 

who writes the third part of what 
might be considered a _ trilogy in 
relation to temperature distribution in 


mass concrete with his paper, “Meas- 
ured and Computed Temperatures of 
Concrete at Norris Dam”’ is a member 
of the Institute and is engaged as a 
concrete technician with the Tennessee 
Valley Authority, having as his princi- 
pal task the handling of a program of 
research work on Norris Dam. The 
principal purpose of the program is to 
provide a comparison of design values 
with measured values of internal strains 
and deflections, uplift 
pressures, joint openings, ete. He has 
been on this work since construction 
of the dam was begun in July, 1934. 
Previously he served on the construc- 
tion engineering staffs of the Florence 
Lake, Shaver and Ariel dams, passing 
through the various stages from rod- 
man to party chief and thence into 
concrete inspection and control. He 
attended the University of Minnesota 
from 1921 to 1924. 


temperatures, 


F. R. McMillan and 
T. C. Powers 


this 
menting a previous paper 
tion of Admixtures as to 
Effect by Means of 
Strength of Concrete.”’ 
MeMillan 


T. C. Powers is by no means a new- 


contribute to JoOURNAL—supple- 
“Classifica- 
Puzzolanic 
Compressive 
Past-president 
needs no introduction and 
comer to Institute’s membership and 
Mr. Powers spent the first 
year and a half after graduation from 
Willamette University, 
1925, in the testing laboratory of the 
Oregon State Highway Commission. 


activities. 


Oregon, in 


Following this he was in charge of 
concrete proportioning, inspection, and 
tests at the Bull Run Dam, built by 
the City of Portland, Oregon during 
1927-1928. The work that Mr. Powers 
did on this particular project was out- 
standing in the field of concrete tech- 
nology. His paper, “Concrete Studies 
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at the Bull Run Dam” in the Proceed- 
ings of the Institute for 1929, reporting 
the special studies which he inaugurated 
on this project, was a distinct contri- 
bution to the underlying philosophy of 
concrete. 

The interval between the completion 
of the work at Bull Run Dam and 
June, 1930, was spent in the operation 
of a ready-mix concrete plant and 
studies of puzzolanic cements. Since 
1930, he has been a member of the 
research staff of the Portland Cement 
Association, now holding the position 
of Assistant to the Director of Research. 
He has been the author or co-author of 
a number of papers which have 
appeared in the Institute Proceedings 
and other technical publications. 


George Robert Wernisch 


a member of the Institute, who con- 
tributes to the Proceedings pages of 
this JournaL, “Bond Studies _ of 
Different Types of Reinforcing Bars,” 
is not new to these pages. In the 
September-October, 1936 issue of the 
JOURNAL he appeared as co-author 
with Inge Lyse of “‘A Study of Rein- 
forcement in Concrete Slabs.’”’ From 
1935 until recently he has been con- 
ducting research in reinforced concrete 
at Fritz Engineering Laboratory at 
Lehigh University as a Research 
Fellow for the Concrete Reinforcing 
Steel Institute. 


A. Floris 


contributes to this issue “Shearing 
Deformation in Continuous Beams 
and Rigid Frames.’’ After graduation 
in 1911 from the Technische Hochschule 
in Munich, Germany, as a _ civil 
engineer with the degree of Diplom- 
(Dipl.-Ing.), Mr. Floris 
worked as a draftsman and detailer in 


ingenieur 


a large bridge company for one year 
and then for four years designing 
reinforced concrete structures. In 


~ 


1916 he went to Roumania (Mr. Floris 
is a Greek) and after a year to Russia, 
where for two years he was engaged in 
the design of reinforced concrete 
structures in a large mining and manu- 
facturing concern in the Ural Moun- 
tains, Government Perm. Later, for 
two years, he designed and supervised 
the construction of reinforced concrete 
structures for the water supply of the 
Amour Railroad, in Eastern Siberia. 
In 1922 he designed reinforced concrete 
bridges and buildings in Harbin, 
Manchuria for the Eastern Chinese 
Railroad. He came to this country in 
1923 and from 1925 to 1928 assisted in 
checking the design of the Coolidge 
Dam, Lake Pleasant Dam and other 
high concrete dams. Simultaneously 
he did research work for the Arch Dam 
Investigation Committee in connection 
with the Stevenson Creek Test Dam, 
and the thermal and stress condition 
of several service dams. Since 1928 
he has been employed in the design of 
buildings in Los Angeles, among 
others, the Griffith Observatory (Plane- 
tarium and the California State 
Building. 

Following the Long Beach Earth- 
quake ot March 10, 1933, he was 
engaged in the strengthening of the 
old and the design of new earthquake 
resistant school buildings in Los 
Angeles and neighboring cities. The 
lack of simple and practical methods 
for the. analysis of statically indeter- 
minate structures subjected to a large 
shearing deformation was keenly felt 
during the seismic rehabilitation. The 
author’s efforts during this work lead 
to the development of the theory 
presented in his present paper. 

Since 1927 Mr. Floris has con- 
tributed to the discussions of papers on 
dams, rigid frames, ete., published in 


the Proceedings, American Society of 


Civil Engineers. He is the author of 
numerous articles on dams and stati- 
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cally indeterminate structures which 
appeared in Western Construction News, 
Hydraulic Engineering, Engineering 
News-Record, Civil Engineering, South- 
west Builder and Contractor, Architect 
and Engineer, besides Works and 
Technical Annals (both in Greek). He 
reviews regularly American and English 
technical books and bulletins for 
Beton u. Eisen. 


George Wiley and 


D. C. Coulson 


who contributed, “A Simple Test for 
Water Permeability of Concrete,” to 
the September-October pages of this 
JOURNAL, are actively connected with 
cement manufacture. Mr. Wiley re- 
ceived his degree in Mechanical 
Engineering at Kansas State College 
in 1933. He then did some work for 
the college under Prof. C. H. Scholer 
in the direction of a Master’s degree 
which he received in 1934. It was 
this work which aroused his interest 
in cement and concrete and led to his 
present position which he has held for 
three years as engineer for Nebraska 
Cement Co., Superior, Neb., where he 
is engaged in research and general 
engineering design control. 

The paper, in the preparation of 
which D. C. Coulson collaborated is 
the result of part of the research work 
done by the Nebraska Cement Co. 
Mr. Coulson received his B. 8S. degree 
in chemical engineering at the Univer- 
sity of Colorado in 1920; was chemist 
for the Smuggler Union Mining Co., 
during 1921 and 1922; assayer chemist 
at the Sunnyside Mining & Smelting 
Co., 1922-23; sales engineer for United 
Filters & Oliver United Filters Co., 
successors, 1923-1930; superintendent, 
Nebraska Cement Co., 1930 to date. 
In addition since early this year he 
has been assistant to the General 
Manager of Ideal Cement Co. 
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Committees 





Architectura! Concrete of the 
Exposed Aggregate Type 


In the Sept.-Oct. JouRNAL announce- 
ment was made under this same head- 
ing that the Board of Direction had 
authorized the organization of Com- 
mittee 412, Specifications and Recom- 
mended Practice for Architectural 
Concrete of the Exposed Aggregate 
Type under the Chairmanship of A. E. 
Lindau. Since then Pres. J. C. Pearson 
has appointed the following to mem- 
bership on the committee, with a view 
to enlarging the committee as its work 
progresses: 

>, H. Bates, Chief, Clay & Silicate 
Products Division, Bureau of Stand- 
ards, Washington, D. C. 

A. J. Boase, Manager of the Struc- 
tural Bureau, Portland Cement Associ- 
ation, Chicago. 

R. W. Carlson, Dept. of Civil 
Engineering, Massachusetts Institute 
of Technology, Cambridge. 

John J. Earley, Architectural Sculp- 
tor, Washington, D. C. 

F. R. MeMillan, Director of Re- 
search, Portland Cement Association, 
Chicago. 

R. H. Shreve, Architect, New York 
City. 


Terrazzo floors 


The Board of Direction of the 
Institute has authorized the organiza- 
tion of Committee 618, Specifications 
and Recommended Practice for the 
Construction of Terrazzo Floors, with 
Verne O. McClurg, Chief Structural 
Engineer, Holabird & Root, Architect, 
333 No. Michigan Ave., Chicago, IIl., 
as chairman. The further personnel of 
the committee will be announced later. 
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Concrete silo staves and 
concrete stave silos 

Good concrete is needed to give 
good service in resisting the liquids of 
ensilage. There are problems involved 
of interest to the manufacturers of 
concrete staves and to the builders and 
users of stave silos. The Board of 
Direction aims to meet the needs of 
this field with the authorization of a 
new committee, 714, Recommended 
Practice for Concrete Stave Manufac- 
ture and Stave Silo Construction, with 
Prof. C. A. Hughes, University of 
Minnesota as chairman. The full 
membership of the committee will be 
announced. The assignment of the 
committee is implicit in its title and 
it will probably involve test studies. 


Concrete pavements and 
pavement bases 


H. F. Clemmer, Engineer of Mater- 
ials, Department of Highways, District 
of Columbia has been appointed to 
the Chairmanship of new Institute 
Committee 617, Specifications and 
Recommended Practice for Concrete 
Pavements and Concrete Pavement 
Bases. The further personnel of the 
committee will be announced. 


Committee personnel 


Wituiam F. Zaspriskige, Detroit, 
Michigan, has been added to the 
membership of Committee 315, De- 
tailing Continuous Beams and Frames, 
under the Chairmanship of A. J. 
Boase. 

F. R. McMituan, Director of 
Research, Portland Cement Associa- 
tion, Chicago, has been added to the 
membership of Institute Committee 
108, Properties of Mass Concrete, as 
Vice-Chairman. Prof. Raymond E. 
Davis, Department of Civil Engineer- 
ing, University of California, Berkeley, 
Calif., is Chairman. The committee 
has in preparation what will probably 


be a very important contribution to 
the 34th annual convention of the 
Institute in Chicago in February next. 

N. M. Newmark, University of 
Illinois, Urbana, has resigned from 
membership on Committee 411, Mono- 
lithic Walls for Concrete Houses, R. E. 
Copeland, Chairman. 

N. M. Newmark, University of 
Illinois, Urbana, has been appointed 
to membership on Institute Committee 
501, Standing Building Code, under 
the Chairmanship of A. W. Stephens. 





A. C. I. Members 





Hardy Cross gets Lehigh 
degree 


Hardy Cross, member of the Insti- 
tute since 1924, Professor of Structural 
Engineering at the University of 
Illinois for a good many years and 
recently become Head of the Depart- 
ment of Civil Engineering at Yale 
University, received the honorary 
degree of Doctor of Engineering from 
Lehigh University, Bethlehem, Pa., 
at its Founder’s Day exercises, October 
6. 


Doctor Hatt organizes 
highway work 

Dr. W. K. Hatt, Head of the Civil 
Engineering School and Director of 
the Materials Testing Laboratory at 
Purdue University, has been relieved 
of his administrative duties for the 
purpose of organizing the Joint High- 
way Research Project between the 
Indiana State Highway Commission 
and Purdue University for which the 
legislature has appropriated $50,000.00 
a year. Professor Hatt’s duties at 
the University would be complete 
in June, 1939 after forty-four years of 
service. He was the Institute’s third 
president for three terms ending in 
1920. 
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Ben Moreell becomes an 
Admiral 


Commander Ben Moreell went to 
Pearl Harbor, Territory of Hawaii, as 
Public Works Officer of the 14th Naval 
District and of the Navy Yard there, 
about September 1 as noted in these 
pages in the September-October Jour- 
NAL. He returns now to Washington, 
D. C., having been appointed by 
Secretary Swanson as Chief of the 
Navy Department’s Bureau of Yards 
and Docks, effective Dec. 1, with the 
rank of Rear Admiral. For two years 
(1935-37) he was a member of the 
Institute’s Board of Direction as 
Director from the Fourth District and 
was Chairman of the Program Com- 
mittee for the 33rd Annual Convention 
in New York last February. For 
further information see these pages 
Mar.-Apr. 1935 and Mar.-Apr., 1937. 


S. C. Hollister, Engineering 
Dean at Cornell 


The Board of Trustees of Cornell 
University appointed Prof. 8. C. 
Hollister dean of the College of Engin- 
eering effective Nov. 1. 
Hollister, who has been acting dean 


Professor 


since the death of Dean Herman 
Diederichs last summer, was formerly 
Associate Dean of the College and, at 
the same time, was director of the 
school of civil engineering. Professor 
Hollister was president of the American 
Concrete Institute, 1932-34. He went 
to Cornell July 1, 1934 from Purdue 
University, where he was_ professor 
of structural engineering. He was 
educated at Washington State College 
and the University of Wisconsin. 
After practical work in Portland, 
Oregon, he became instructor in 
mechanics at the University of Illinois. 

In 1917 he was appointed research 
engineer of the Corrugated Bar Co., 
Buffalo. During the war years, 1918 
and 1919, he was with the United 
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States Shipping Board Emergency 
Fleet Corporation. He holds the com- 
mission of Lieutenant Commander in 
the U. S. Naval Reserve. Following 
his war service, he engaged in private 
practice in Philadelphia as a consulting 
engineer until 1930 when he went to 
Purdue. Besides his long active con- 
nection with A. C. I. he holds member- 
ships in the American Society of Civil 
Engineers, the American tailway 
Engineering Association, Franklin In- 
stitute, and the Society for the Promo- 
tion of Engineering Education. He is 
a fellow of the American Academy for 
the Advancement of Science. He 
belongs to Sigma Xi, Tau Beta Pi, 
Gamma Alpha Sigma Tau, Chi Epsilon, 
Sigma Pi Sigma, Phi Kappa Phi, and 
Alpha Tau Omega. He has contributed 
to many publications, and since going 
to Cornell has continued as consulting 
engineer on penstocks of Boulder Dam. 


Harold B. Robeson 


member of the Institute in his capacity 
as representative of the Nazareth 
Cement Co., Nazareth, Pa., has been 
chosen executive vice-president and 
general manager of the Nazareth 
Company. 


National Sand and Gravel 
Association Research 
Foundation 

The National Sand and Gravel 
Association has established a Research 
Foundation and has made an arrange- 
ment with the College of Engineering 
of the University of Maryland for the 
conduct of research at that University 
The Association’s testing equipment, 
Munsey Bldg., Washington, D. C., is 
being moved to the University at 
College Park, Md. The research work 
was established in 1928 and will be 
continued under the new auspices. 
The University’s Dean of Engineering, 
S$. S. Steinberg, will serve as one of the 
University’s representatives on the 
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Joint Advisory Committee, and Stanton 
Walker, Director of Engineering of 
the Association, will be a member of 
the Joint Advisory Committee and the 
work of the Foundation will be directed 
by him. 


New Members 


Twenty-three applicants for A. C. I. 
membership in September and October 
1937 have been approved by the Board 
of Direction as follows: 

Darling, Wilfred D., 109 N. Marquette 
Rd., Prairie du Chien, Wis. 

Gerhart, J. W., 600 Fifth Ave., Yuma, 
Ariz. 

Jackson, C. M., c/o All American 
Canal, Yuma, Ariz. 

Jackson & Moreland, 31 St. James 
Ave., Boston, Mass. (E. M. Car- 
hart) 

Johnstone, W. W., P. O. Box 213, 
Olympia, Wash. 

Keller, Norman E., c/o Deere & Com- 
pany, 1325 3rd Ave., Moline, IIl. 
Kennedy, Edward H., U. 8. Engineers, 

Rollstone St., Fitchburg, Mass. 
Lehle, George L., 111 W. Washington 

St., Chicago, IIl. 

Lockhardt, William F., Vacuum Con- 
crete Corp., 39 Rockefeller Plaza, 
New York, N. Y. 

Lush, Wm. G., c/o No. American 
Cement Corp., 285 Madison Ave., 
New York, N. Y. 

McLachlan, D. W., 313 West Block, 
Ottawa, Ont., Canada. 

MeMillan, M. J., 837 National Press 
Bldg., Washington, D. C. 

Mandry, James E., 406 U. S. Custom- 
house, U. S. Bureau of Reclamation, 
Denver, Colo. 

Nagel, W. G., 1930 McNichols Road 
W., Detroit, Mich. 

Philadelphia Electric Co., 1000 Chest- 
nut St., Philadelphia, Pa. (F. W. 
Deck) 

Penny, A. F., c/o Sternson Structural 
Specialties Ltd., 126 Bruce St., 
Brantford, Ont., Canada. 
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Rawhouser, Clarence, U. S. Bureau of 
Reclamation, Customhouse, Denver, 
Colo. 

Rettig, L. Erik, Cornelissen & Salzedo, 
Apartado Postal 411, Barranguilla, 
Colombia, 8. A. 

Swenson, Clifford H., 2300 Grant 
Bldg., Pittsburgh, Pa. 

Swindell, George B., Jr., Guntersville 
Dam, Ala. 

Swope, Howard M., 117 Simpson 
Road, Ardmore, Pa. 

Sterner, Howard 8., 1535 Menlo Place, 
Columbus, Ohio. 

Valle, Carlos Del, P. O. Box 116, San 
Juan, Puerto Rico. 


Chicago 


February 22-24 


at the 


PALMER HOUSE 


34th Annual 
A. &. & 


Convention 
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CUTTING COSTS 


IN CONCRETE BUILDINGS 





BYE -RYBODY is interested in any forward step which 
reduces costs. Take concrete buildings: 


Forms are built, 
set and filled with concrete. Then 


, for a week or longer, the 
job stands still—waiting for the concrete to become self- 
supporting, so forms can be taken down, re-assembled and filled 
for the next floor. 


Thus, if it takes 81 working days to erect the frame of a 
6-story building, 39 of them are non-productive—‘‘dead”’ 
days when contractor’s fixed overhead expenses run on just 
the same, adding to the structure’s cost. 


This costly non-productive time is saved by using ‘Incor,’ 
a basically improved Portland cement, which is self-supporting 
in 24 hours—permitting continuous construction 


progress. 
If job overhead amounts to $40 a day 


, 99 days saved on a 6-story 
building by using ‘Incor’* means a total of $1560. 


Savings 
like that are worth any engineer 


or contractor’s careful con- 
sideration. 


For details about these savings—write for free copy of illus- 
trated book entitled “Cutting Concrete Costs.” Lone Star 
Cement Corporation, Room 2230, 342 Madison Avenue, New 


York. 


*Reg. U. S. Pat. Off. 


LONE STAR CEMENT CORPORATION 


MAKERS OF LONE STAR CEMENT - - - ‘INCOR’ 24-HOUR CEMENT 
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The Honor Roll—-headed by J. L. Savage 
and Miles N. Clair 


New names have been added and there has been a shifting of 
positions on the Institute’s 1938 Honor Roll, as you can see from 
the scores which follow: 

J. L. Savage, Bureau of Reclamation, Denver, Colo., now tops 
the list, changing places with Miles N. Clair of Boston. 

There is still time. The final score is not made up until the 
returns are all in Jan. 31, 1938. By that time we expect many 
more members will have been added. 


J. L. Savage. 22 Miles K. Cooper 
Miles N. Clair... ” Fehon 
Wm. M. Kinney... 9 F. K. Deinboll ! 
Bailey Tremper 7 : ig nee 
R. F. Blanks 6 KV. F Eldridge 
M. H. Cutler 6 Fritz Emperger l 
J. C. Pearson.. 6 W. J. Emmons 
C. A. Hughes. . ’ ) 
Lewis H. Tuthill 5 Bengt Friberg 1 
Chas. E. Wuerpel 5 Lion Gardiner l 
R B Young 5 Herbert J. Gilkey l 
» oe . Russell Greenman l 
a K. Hajnal-Konji ‘ l 
A. G. Tainton ; Sed ; 4 Walter N. Handy l 
Wm. 8S. Thomson 4 Winslow H. Herschel l 
—_ - 8S. C. Hollister l 
R. W. Crum ; 372 H. Walter Hughes l 
Morgan B. Klock 3 Loren W. Hunt l 
T. C. Knight 3 J. E. Kalinka I 
E. A. Lupine 3 John W. Kennedy 
F. E. Richart. . 3 K. H. Klassv ! 
M. M. Upson 4 Wm. J. Krefeld 
E. N. Vidal "= 3 G. E. Large l 
Chas. S. Whitney 3 R. F. Leftwich I 
€: W. Lemcke l 
Roy W. Carlson 24 we Fhe ome 4 l 
J. H. Chubb.... 24 R. B. MacNee l 
B. Moreell..... 214 *F. R. MeMillan 1 
H. C. Shields 248M. W. Meyer 
L. E. Andrews . Samuel B. Morris I 
R. L. Bertin. ! A. W. Munsell I 
E. K. Borchard - J. H. Murdough l 
Herbert Coffman 2 P. M. Noble l 
G. E. Davis Wm. B. Nowlin l 
H. G. Farmer 2 Charles R. Parks l 
H. F. Gonnerman . Dean Peabody, Jr l 
F. P. Kneeshaw 2 H. G. Protze, Jr l 
Herbert J. Knopel 2 Warren Raeder | 
C. C. McNamara : C. H. Scholer l 
O. L. Moore 2 G. P. Singh l 
E. W. Ryland - A. P. Smyth l 
R. W. Spencer.. 2 W. T. Steilberg 
John C. Sprague - A. W. Stephens l 
T. E. Stanton 2. I. L. Tyler ] 
A. J. Boase. . : 14 E. V iens l 
pi 4 Kelly err 1% Walter C. Voss l 
Nathan M. Newmark 14 Chas. R. Waters l 
W. D. M. Allan 1 Benjamin Wilk l 
D. M. Asarpota 1 Clement T. Wiskocil l 
Sanford Benham. . - F. C. Wood l 
A. 8. Brock ee . Zipprodt l 
Wm. B. Cheek. 1 retain: conan 
Sam Comess l : } 
Theodore Crane. l Nineteen other members have er 
D. 8. Colburn l each to their credit 
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The Annual 
Get-together of A. C. I. 
members and their 
non-member friends 
Palmer House, Chicago 
February 22-24, 


1938. 


Separate prints of papers 
published in this Journal 
are available at nominal 
prices. 


Ask the 
Secretary 
AMERICAN CONCRETE 
INSTITUTE 
7400 2nd Boulevard 


DETROIT, - - MICHIGAN 


50,000 


Pounds per square inch 


Every square inch of rail steel 
reinforcement provides not less 
than 50,000 pounds of useful 
elastic strength which may be 
applied to design economy or 
safety or both. In the trend 
to high-elastic-limit materials 
this basic property of rail steel 
cannot be overlooked. Rail 
steel is specified by referring to 
A. S.T.M. Specification A 16-35 
or to Federal Specification OQ- 
B-71. Detailed information 
may be obtained by writing the 


Rail Steel Bar Association 
Builders Building, Chicago 


RAIL STEEL 


for concrete 
reinforcing 








16 JOURNAL OF THE 


STATEMENT OF THE OWNERSHIP, MANAGEMENT, 
CurcutatTion, Erc. Requirep BY THE ACT OF 
Conoress oF Marcu 3, 1933. 


Of Journal of the American Concrete Institute 
eon bi-monthly except July and August at 
etroit, Mich., for September-October, 1937. 


State of Michigan, County of Wayne, ss. 


Before me, a notary public in and for the 
State and county aforesaid, personally appeared 
Harvey bye who, having been duly sworn 
according to law, deposes and says that he is 
the Editor of the Journal of the American Con- 
crete Institute and that the following is, to the 
best of his knowledge and belief, a true state- 
ment of the a management (and if a 
daily paper, the circulation), etc., of the afore- 
said publication for the date shown in the above 
caption, required by the Act of August 24, 1912, 
embodied in section 411, Postal Laws and 
Regulations, printed on the reverse of this form 
to wit: 


1. That the names and addresses of the 
publisher, editor, managing editor, and busi- 
ness managers are: Publisher, American Con- 
crete Institute, 408 New Center Bldg., Detroit, 
Mich.; Editor, Harvey Whipple, 408 New 
Center Bldg., Detroit, Mich.; Managing Editor, 
none; Business Manager, none. 


2. That the owner is: (If owned by a cor- 
poration, its name and address must be stated 
and also immediately thereunder the names and 
addresses of stockholders owning or holding 
one per cent or more of total amount of stock. 
If not owned by a corporation, the names and 

dresses of the individual owners must be 
given. If owned by a firm, company, or other 
unincorporated concern, its name and address. 
as well as those of each individual member, 
must be given.) American Concrete Institute, 
408 New Center Bldg., Detroit, Mich. 


J. C. Pearson, President, 2001 Pennsylvania 
St., Allentown, Pa.: John J. Earley, Vice- 
President, 1710 Lamont St., N. W., Washing- 


AMERICAN CONCRETE 





INSTITUTE Nov.-Dee. 1937 
ton, D. C.; F. E. Richart, Vice-President, 
Urbana Silinois: Harvey Whipple, Secretary- 
Treasure sr, 408 New Center Bk ig., Detroit, 


Mich. 


3. That the known bondholders, mortgagees, 
and other security holders owning or holding 1 
per cent or more of total amount of bonds, 
mortgages, or other securities are: (If there are 
none, so state.) None. 

4. That the two paragraphs next above 
giving the names of the owners, stockholders, 
and security holders, if any, contain not only 
the list of stockholders and security holders as 
they appear upon the books cf the company 
but also, in cases where the stockholder or 
security holder appears upon the books of the 
company as trustee or in any other fiduciary 
relation, the name of the person or corporation 
for whom such trustee is acting, is given; also 
that the said two paragraphs contain statements 
embracing affiant’s full knowledge and belief 
as to the circumstances and conditions under 
which stockholders and security holders who 
do not appear upon the books of the company 
as trustees, hold stock and securities in a 
capacity other than that of a bona fide owner; 
and this affiant has no reason to believe that 
any other person, association, or corporation 
has any interest direct or indirect in the said 
stocks, bonds, or other securities than as so 
stated by him. 

5. That the average number of copies of each 
issue of this publication sold or distributed, 
through the mails or otherwise, to paid sub- 
scribers during the six months preceding the 
date shown above is ——. (This information 
is required from daily publications only.) 


Harvey WHIPPLe. 
Sworn to and subscribed before me this Sth 
day of October, 1937. 
(SEAL) Erne: Biarne WILs0n 
(My commission expires July 25, 1938.) 

















Vol. 34 PROCEEDINGS OF THE AMERICAN CONCRETE INSTITUTE 


JOURNAL 
of the 
AMERICAN CONCRETE 
INSTITUTE 
7400 SECOND BOULEVARD, DETROIT, MICHIGAN JANUARY-FEBRUARY, 1938 


Light Weight Concrete Pavement on the San Francisco- 
Oakland Bay Bridge* 


BY GLENN B. WOODRUFFT 


MEMBER AMERICAN CONCRETE INSTITUTE 


A three-million-dollar saving in construction cost, and four miles 
of six-lane reinforced conerete pavement with scarcely any cracks 
are the results of adopting lightweight concrete for the paving of 
the upper deck of the San Francisco-Oakland Bay Bridge. 


The San Francisco-Oakland Bay Bridge, spanning the bay between 
San Francisco and Oakland, is divided by Yerba Buena Island into 
two sections, designated as the East and West Bay Crossings. Each 
crossing consists of steel structure on concrete piers and is approx- 
imately two miles long. The 1400-ft. cantilever in the East Bay 
Crossing ranks as the longest of its kind in the United States. The 
2310-ft. center spans of the twin suspension bridge in the West Bay 
Crossing are only exceeded by the 3500-ft. spans of the George Wash- 
ington Bridge and the 4200-ft. span of the Golden Gate Bridge. The 
bridge is of double-deck section, providing for six lanes of light traffic 
on the upper deck, with three lanes for trucks and two tracks for 
interurban traffic on the lower deck. The lower deck roadway is 
designed for H-30 loading. While the upper deck is restricted to 
passenger and light delivery cars, the floor is designed for H-10 loading. 


As with all long-span structures, the question of dead load, of 
which the pavement forms a large portion, was of paramount import- 
ance. For economy it was desirable to reduce the weight of the pave- 
ment as much as possible. Along with the decision to build a double- 
deck bridge with the upper deck restricted to lightweight traffic 
was one to design the upper-deck pavement with a weight of not over 


*Received January 10 for presentation at the 34th Annual Convention American Concrete Institute 
Chicago, Feb 99-24 


tEngineer of Design, San Francisco-Oakland Bay Bridge, San Francisco 


(225) 





= tate 


Reece 





ee ee ee 


i ae 


> ees 








226 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Jan.-Feb. 1938 


60 p.s.f. as against the 85 lb. of a 6 in. reinforced slab of standard 
concrete. With the heavy truck loading on the lower deck, it was 
decided to use a slab of standard concrete weighing 90 p.s.f. Be- 
cause of the lack of symmetry in the cross section, the benefits from 
a lightweight floor on the lower deck would be comparatively small, 
since the combination of concrete slab and truck loading produces 
roughly the same square foot loading as that of the interurban trains 
and timber floor, thus balancing the load on the two trusses. 


The saving in weight from the use of the light floor amounts to 
25 p.s.f., 1,450 lb. per lin. ft. of bridge, or a total of 31,600,000 lb. 
for the entire bridge. This reduction in weight materially decreased 
the dead load stresses in the superstructure, thus reducing the are: 
and cost of the structural members therein. It also reduced the 
direct load on the foundations. Of still more importance, the stresses 
on the foundations, and, to some extent, on the superstructure due 
to the assumed seismic forces, were materially reduced. While no 
exact analysis has been made, the saving in the cost of the project 
from this weight reduction is estimated at $3,000,000. The con- 
struction cost of the two bay crossings is 40 millions; that of the entire 
project, 60 millions; and the total cost of the project is 78 millions. 


The assumption of a 60-lb. pavement was based on standard spacing 
of structural supports, approximately five feet c. to c. for longitudinal 
stringers or six feet c. to c. for transverse beams. Open grating was 
not seriously considered because of the objectionable drippings from 
cars on the upper deck through the grating to the lower deck. This 
reduced the possibilities to the following: 

1. Tee-grid or similar construction, 31% in. deep. 
2. Four-inch slab of standard concrete with extremely heavy reinforcing. 
3. Six-inch lightweight concrete slab. 

In comparing these possibilites, the lightweight concrete was 

selected for the following reasons: 

1. The stiffness resulting from the six-inch depth was very desirable. 

2. The cost of the Tee-grid was excessive. Its use involved a heavy maintenace 
charge for painting its lower surface. Such inspection reports as were available on 
other installations indicated leakage between the concrete and the grid with the 
probability of corrosion developing. 

3. There were few precedents for a four-inch concrete slab on the spans contem- 
plated. With a minimum of one-inch cover over the reinforcing steel the effective 
depth would be very small. 


DESIGN OF SLAB 


There were two typical cases for design. In the East Bay Crossing, 
the structural layout provided for transverse beams at 6-ft. centers. 








re 


Ne 

















Light Weight Concrete Bridge Pavement 227 


We ib : ae oa 
eat ft, L- i es 4 s 


7 





Fic. 1—BirRDSEYE VIEW OF THE SAN FRANCISCO-OAKLAND BAY BRIDGE, 

SAN FRANCISCO IN THE FOREGROUND, WEST BAY CROSSING, YERBA 

BUENA ISLAND, EAST BAY CROSSING, WITH CITIES OF OAKLAND AND 

BERKELEY IN BACKGROUND, EXPOSITION GROUNDS TO LEFT OF YERBA 
BUENA ISLAND 


In the West Bay, the slab was supported by longitudinal stringers 
at 4 ft. 8 in. spacing. Stresses calculated by Westergaard’s formulas 
gave (H-10 loading, plus 144 impact) bending moments of 3,300 and 
2,400-ft. lb. per ft. width of slab for the two cases. While these 
formulas are not strictly applicable on account of the deflection of 
the structural supports, an analysis considering these deflections 
and based on the results of tests on large-size panels (Public Roads, 
Oct. 1927) indicated that the results from the use thereof are on the 
safe side. 

Welded trusses were chosen for main reinforcement since their 
accuracy of dimension permits a minimum of coverage and provides 
adequate provision for bond and shear. These trusses had two )-in. 
rounds as chords and a ;4-in. round for a web system. A 1-in. cover 
of concrete was provided at the top, *4-in. at the bottom, the trusses 
being 414-in. 0. to o., giving a net slab depth of 5 in. for positive 
moments. To insure the best composite action of slab and structural 
supports, the trusses were welded to these supports at each inter- 
section. The trusses were spaced 8 and 10 in. respectively for the 
two cases given above. The unit stresses were respectively f,, 16000 
and 14200 and f., 650 and 530, as against 20000 and 1050 permitted 
by the design specifications. The allowable unit stresses were arbit- 
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Fic. 2—CROSS SECTION THROUGH BRIDGE 


rarily reduced because, at the time of the design, it was felt that the 
lightweight concrete had not been thoroughly tested. The maximum 
spacing of reinforcing trusses was limited to twice the effective depth. 
Longitudinal reinforcement (parallel to slab supports) consisted of 
half-inch rounds at 12-in. centers. In the case of slabs supported by 
longitudinal stringers, (West Bay Crossing), this longitudinal rein- 
forcement was spaced 6-in. centers at the bottom of the slab, at the 
center of the stringer span, and at the top of the slab over the floor- 
beams. 


Considerable study was given the question of providing a separate 
wearing surface, as against a monolithic slab of lightweight concrete. 
An experimental section of single-course lightweight concrete was 
placed on the heavy traffic Bayshore Highway south of San Francisco. 
After five years of service, there is no appreciable abrasion of the 
surface. A final decision in this matter had not been made when the 
aggregate specifications were issued and an abrasion test was included. 
With this lightweight aggregate, there is a tendency for the larger- 
size aggregate to rise to the surface, especially when vibration is used 
during the placing of the concrete. It was decided that a better, and, 
probably, a more permanent surface finish could be secured by using 
a mortar finish. A half-inch topping of one to three mortar was 
therefore adopted. 
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Fig. 3—SEcTIONAL DETAILS UPPER DECK SLAB 


AGGREGATE SPECIFICATIONS 


To give adequate time for investigating all possibilities, the superstructure con- 
tract provided that the lightweight aggregate would be furnished by the State. 
Haydite was available locally and tests on this material were at once instituted. 
Shortly afterwards, gravelite, and other artificial lightweight aggregates were also 
offered and the test program extended to include these materials. Several natural 
lightweight aggregates were considered but none had the required uniformity. 

Following these preliminary investigations, specifications for the lightweight 
aggregate were prepared. Pertinent excerpts from these specifications follow: 

Function—The function of this aggregate for lightweight concrete is to provide 
for the manufacture of a workable, durable Portland cement paving concrete, which 
will attain a compressive strength of not less than three thousand (3,000) pounds 
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per square inch in twenty-eight (28) days, using not over seven (7) sacks of cement 
per cubic yard of concrete; which, when designed for greatest practicable density 
and vibrated as specified for “Placing and Finishing Roadway Slabs’ in the Con- 
tracts for constructing the Superstructure of the San Francisco-Oakland Bay Bridge, 
shall not weigh more than one hundred (100) pounds per cubic foot when completely 
saturated through storage in water at seventy (70) degrees Fahrenheit for forty- 
eight (48) hours; and which shall possess such qualities as to withstand the abras- 
ion to which the pavement will be subjected. 

Description—Fine lightweight aggregate shall consist of inert materials such as 
burned shale or clay, tuff, pumice, calcined silica, slag, etc., having hard, strong, 
durable particles which may or may not be vesicular and shall conform to the require- 
ments of these specifications. 

(Standard requirements for deleterious substances and organic impurities followed) 


FINE LIGHT WEIGHT AGGREGATE 


Grading Per cent 

Passing a 3 mesh sieve 90 to 100 
10 mesh sieve 55 to 8O 

20 mesh sieve 30 to 55 

30 mesh sieve 25to 35 

40 mesh sieve 15to 25 

80 mesh sieve 5to 10 

200 mesh sieve 0 to 3 


Mortar Tests—Tensile and compressive 100 per cent of standard Ottawa sand 
Weight—Maximum 60, minimum 40 pounds per cubic foot. 
Natural Sand—Permitted up to a maximum of 50 per cent of fine aggregate pro- 
vided resulting concrete meets all specifications. 
COARSE LIGHT WEIGHT AGGREGATE 


| 


Grading Type A Type B 

Per Cent Per Cent 
Passing 1% in. Circular 100 
1% in. Circular 85 to 95 

1 in. Circular 65 to 75 90 to 100 

34 in. Circular 45to 60 75 to 90 

l4 in. Circular 20 to 30 25to 40 

14 in. Circular Oto 5 Oto 5 





(Types A and B differ only in sizes of large aggregate. Some producers desired to produce nothing 
larger than one-inch maximum.) 


Weight—Maximum 50, minimum 35 pounds per cubic foot. Material to be sep- 
arated before delivery into portions passing and retained on 14-inch screen. 
Abrasion—Slabs made from this concrete and subjected to the Abrasion Test de- 
scribed in Volume 12, Issue 10 of Public Roads”, shall show, after one thousand 
(1,000) revolutions of the machine, a depth of abrasion of not more than one-eighth 
V4) of an inch. 


GRAVELITE 

The low bid on these specifications was for furnishing Gravelite. 
Tests on this material showed that it met the requirements of the 
specifications and the contract was awarded accordingly. Gravelite 
is a lightweight aggregate manufactured by burning carbonaceous 
shale and clay, or clay alone which two materials were interbeded 
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in the particular quarry, in a rotary kiln to incipient fusion at 2000° 
to 2100°F. During the burning, the carbonaceous material became 
gasified, causing the material to expand into a lightweight cellular 
structure, and at the end of the burning, the outer surfaces approached 
vitrification. Kach size of aggregate was burned separately. For 
the finer aggregate, fine screenings were burned. For larger aggregate, 
the material was pugged, as in brick manufacture, and molded into 


pellets.. 
After screening the shipping weights are as follows: 
1. Fine lightweight aggregate 60 to 64 p.c.f. 
2. 14 to % in. coarse aggregate 46 to 49 p.c.f. 
3. 34 to 1 in. coarse aggregate 41 to 45 p.c-f. 


PAVING OPERATIONS 


The batching plant consisted of six aggregate bins, a cement silo, 


scales, weighing hoppers and a belt conveyor. All concrete was 
proportioned by weight using the absolute volume method. All 


lightweight aggregate was wetted before shipment from the manu- 
facturer and kept wet by occasional spraying until it entered the 
mixer. 


A typical one-yard batch of concrete would be proportioned as 
follows: 


Lbs. 

Natural sand (fine) 2.6 cu. ft. 260 
Lightweight sand 9.75 cu. ft. 605 
Lightweight Aggregate 14 to 34 in 8.80 cu. ft. 420 
Lightweight Aggregate 34 to 1 in 11.90 cu. ft. 510 
Diatomaceous Earth ; 20 
Cement—6% sacks @, 94 lb... cet 61 
Water (including surface moisture of aggregate) . . 312 
2738 


The average 28 day strength of test cylinder was 3070 p.s.i. The 
average 28 day weight of test cylinders stored in damp sand was 102 
lb. per cu. ft. When air dried to simulate conditions on the bridge 
the weight was reduced to 95 lb. The slump at the mixer was about 
three inches. The mix stiffened to some extent during transpor- 
tation. 


The materials were moved from the batching plant to the mixer. 
After mixing for a minimum of two minutes the concrete was hauled 
to the site on a narrow gage railway and placed in the forms immed- 
iately ahead of the finishing machine. For construction purposes, 
the 58-ft. upper deck was divided into three strips, the two side strips, 
19 ft. 7 in. wide and the center 18 ft. 10 in. wide. In the East Bay, 
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Fic. 4—BATCHING PLANT 
Fic. 5—HAULING TRAIN AT MIXING PLANT 


the division was made by longitudinal angles spanning the transverse 
beams. In the West Bay, a steel header form was set up on top of 
the longitudinal stringers. These longitudinal angles and headers, 
shimmed to correct elevation allowing for the deflection of the floor 
steel, and a steel bar, laid on the steel sidewalk and similarly shimmed, 
formed tracks on which the finishing machine operated. The finish- 
ing machine, a Jaeger-Lakewood, had three vibrators mounted on 
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Fic. 6-——Uprrer DECK OF BRIDGE AT MIXING PLANT, HOIST AT RIGHT, 
CONCRETE TRAIN UNDER HOPPER 
Fig. 7—THE TRACK WAS THEN TRANSFERRED TO THE CENTER PAVING 
STRIP AND THE NORTH LANE CONCRETED——BRIDGE FOR CONCRETE 
BUGGIES IN FOREGROUND 


the first of two power-driven sereeds. In placing the lightweight 
concrete, the screeds were set 4 in. below finished grade. At points 
adjacent to floorbeams, expansion joints, ete., where the vibrating 
screeds could not work effectively, hand-operated vibrators were 
employed. 


At an interval of 14 to 2 hours, depending upon weather conditions, 
after placing the lightweight concrete, the 1%-in. topping of 1 to 3 
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Fic. 8—VIBRATING BASE COURSE 
Fic. 9—AT POINTS NEXT TO EXPANSION JOINTS, VIBRATING MACHINE 
WAS SUPPLEMENTED BY HAND VIBRATORS 


cement mortar was placed and secreeded twice, using both screeds. 
The surface was belted transversely by a belt attached to the rear 
of the finishing machine. 

To replace the usual painted traffic stripes, the upper-deck pavement 
is divided into six lanes by tile traffic markers, consisting of 4-in. 
square tiles at 8-in. centers, a double line being used for the center 
stripe. These were set to templet from a gantry immediately follow- 
ing the topping. A finishing gantry, from which all surface defects 
were repaired, followed the tile gantry. This operation was followed 
by a longitudinal brooming and the final operation of applying the 
Hunt process seal coat to the freshly finished concrete surface. All 
of these operations proceeded at an average rate of 70 ft. per hr., the 
maximum rate reached being 815 lin. ft. per S-hr. day. 
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Fic. 10—FINISH OF BASE COURSE 
Fic. 11—PLACING TOPPING 


All these operations proceeded with remarkably few difficulties. 
At the outset, the finishing machines did not provide sufficient impulse 
and some “honeycomb” resulted. The admixture was not originally 
specified and was also introduced to overcome this difficulty. The 
need of hand-operated vibrators at expansion joints and other places 
where the finishing machine was not thoroughly effective was dis- 
covered during the first part of the work. The State maintained close 
inspection over all parts of the work and the Contractor made every 


possible effort to insure the best possible workmanship. 
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Fic. 12—ScREEDING TOPPING 
Fic. 13—BROOMING SURFACE 


COSTS 
The cost of the upper-deck paving in the entire project, not includ- 
ing the tile markers, was as follows: 


8 a a oie . 23,561.3 c.y. @ 15.75 $371,090.63 
Reinforcing trusses.......... 1,651,990 Lf. (a 0.217 358,481.80 
Reinforcing bars......... Mt 2,555,645 = Ib. (a 0.0379 93,049.38 
Lightweight Aggregate. . ie 27,862.6c.y. @ 2.49 69,377.94 
tae! x arcsank ' .... 38.524 bbl. @ 2.10 80,900.95 
a Are a te a sy Ge hE Aw coh dbae « 8,372.32 


$980,273.02 
The area of this paving was 1,250,000 sq. ft. giving a square foot 
cost of 78.5 cents. In using this figure as a basis for an estimate, 
consideration should be given to the following. 
1. For heavy duty pavements, closer spacing of reinforcing trusses would be 
required. 
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2. The size of this project was such that the plant cost, equipment forms, etc. 
were spread over a large area. 

3. The contract was awarded at a time (1932) when very low prices were pre- 
vailing. 

The cost of the traffic markers was $28,169.59 for a length of 21,800 
lin. ft. of bridge. 


RESULTS 


The Bridge has been in service for over one year. Recent inspect- 
ions show practically no cracks except minute hair cracks. The 
lower deck pavement, which was constructed in the same manner 
except that standard concrete was used, shows nearly equal results, 
except that there are a few cracks near the quarter points of the sus- 
pension spans. Cracks in general occur in the section of paving first 
laid and are attributed to distortions of the suspended structure 
arising from stresses set up during the placing of the subsequent 
paving. In general, the placing of additional paving would cause 
tension on lower-deck paving previously laid and compression on 
the upper deck. There is, however, some evidence in support of the 
hypothesis that concrete made from lightweight aggregate is less 
likely to exhibit shrinkage cracks than that made from standard 
concrete. In the author’s opinion, the principal reason for the freedom 
from cracks is the large amount of reinforcement and the fact that 
the reinforcing trusses are welded to the structural supports. 


The results have been so satisfactory that none of those connected 
with the design would hesitate to use similar construction for bridge 
floors, subjected to the heaviest truck loadings, and believe it, in 


every respect, the equivalent of standard concrete. 


Probably the most severe test to which this pavement will ever 
be subjected occurred before the bridge was opened to traffic, when 
an oxygen tank, weighing 150 lb. slipped from a hoist slung at the top 
of Tower 5 and fell, 240 feet to the pavement. The only damage 
was the shattering of an area of the pavement less than 18 in. square. 


Test cylinders broken at the age of one year show average strengths 
of 3811 p.s.i. for specimens weighing 104.6 p.c.f. saturated. A set 
of specimens was fabricated for a series of long time tests. These 
specimens were made at a time when the saturated weight of the 
concrete being placed averaged approximately 104 p.s.i. Five ecylin- 
ders were made for breaking at each test period. 
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The results of these long time tests to date have been as follows: 


Weight Compressive 

Age p.c.f. Saturated Strength p.s.i. 
10 days 104.7 2985 
28 days 104.4 3470 
60 days 103.6 3662 
120 days 103.5 3694 
6 mo. 103.9 3815 
9 mo. 103.8 3742 
1 year 104.6 3811 


PERSONNEL 


The San Francisco-Oakland Bay Bridge was financed, designed 
and built by the California Toll Bridge Authority. C. H. Purcell is 
Chief Engineer, Charles E. Andrew is Bridge Engineer and the author 
is Engineer of Design. The preliminary tests, the manufacture of 
the lightweight aggregate and the batching plant were under. the 
general supervision of T. E. Stanton, Materials and Research Engi- 
neer. The pavements were included as part of the superstructure 
contract. This contract was held by the Columbia Steel Co., which 
sublet the paving to the Bates & Rogers Construction corp. with R. 
Rasmussen in direct charge. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by April 1, 1938. For such 
discussion as may develop readers are referred to the JoURNAL for 
May-June, 1938. 
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The Action of Sulphate Solutions on Steam-cured 


Composite Cement Mortars* 


BY T. THORVALDSONT AND D. WOLOCHOWT 
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[INTRODUCTION 


The program of research on the action of “alkali”? on cement and 
concrete, undertaken at the University of Saskatchewan in 1919,** 
included among other things the preparation of the individual com- 
pounds considered to be present in hydraulic cements and a study of 
the behavior of these in suphate-bearing waters. A brief paper deal- 
ing with the action of sulphate solutions on sand mortars made from 
the pure compounds was published in 1927("), while a report of a 
more extended study was published in 1932(8). The first paper 
dealt also very briefly with the effect of curing in saturated steam at 
98°C. on the sulphate resistance of mortars made from a commercial 
portland cement and from a composite ‘‘portland’’ cement prepared 
by mixing tricalcium silicate, beta-dicaleium silicate and tricalcium 
aluminate. At the time of the initiation of the series of experiments 
reported in 1932, duplicate specimens were subjected to curing in 
steam under pressure and the two sets of mortar test pieces, one cured 
in the damp closet at 21°C., the other in saturated steam at 150°C., 
were exposed simultaneously to sulphate solutions at 21°C. The 
present report deals with a comparison between the behavior of the 
untreated and the steam-cured specimens in sulphate solutions. 
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PREPARATION AND PRELIMINARY TREATMENT OF THE TEST PIECES 


The preparation of the pure silicates, aluminates,* ferrite and alum- 
inoferrite of calcium was described in the 1932 paper(*) and will not 
be repeated here. The final products were ground to pass a 200-mesh 
sieve and mixed dry in the proportions given in Table 1. These 
“cements” were used for preparing square prisms of mortar 1.55 x 
1.55 x 10 cm., containing one part of the “cement’’ to 10 parts by 
weight of Ottawa sand (20-30 mesh). Enough distilled water was 


TABLE 1—COMPOSITION OF “CEMENTS” USED FOR PREPARING 1:10 MORTAR PRISMS} 




















. Percents age Cc tn net 

Serial Sei ——- ——- — — 

Letter C38 B- -C28 | re 28 | CsA | c sA3 Cc A < Cs Ae | CoF CsAF | Total 
A 100 | 7 | 100 
B 100 | 100 
Cc | 100 | | 100 
D | 100 | ' 100 
E | 100 | | | 100 
F | | 100 100 
G 80 | 20 100 
H 80 | 20 | 100 
I 80 | } 20 100 
J 80 20 100 
K 80 | | 20 100 
L 80 | 20 100 
M 80 } 20 | 100 
N 80 20 100 
Oo 80 20 100 
P 80 | | 20 100 
Q 80 | | 20 100 
R } 80 | 20 100 
Ss 50 | 50 | 100 
T 40 | 40 | . 2 100 
U 40 40 | } 20 | | 100 
V 40 | 40 | 20 100 
Ww 40 | 40 | | } 20 100 
x 40 40 | 20 100 
Y 40 | 40 | | 20 100 
Z 40 | 40 af 10 | ; 100 

| | | | | 
tThroughout ae report the jinthvente have anil the sane abbreviations: C = CaO; A = AlOs;l 
S = SiOz; F = Fe203. Thus CsS stands for 3CaO SiOz and CsAF for 4CaO. AlsOs. Fe2Os. The serial 


letters in this table are used in the text to refer to the cements, to the 1:10 mortars made from the 

cements, and to the time expansion curves for each mortar in Figs. 1 to 5. The subscript 1 to the serial 

letter indicates that the mortar has been steam-cured. Thus B refers to the data or graph for the 
“untreated’’ mortar prisms made with 8-C.S, while B: refers to the same after steam curing at 150°C. 


used to give a plastic mix, 11.5 per cent by weight for all the batches 
except E, F, and C, where 10 per cent water was used. The speci- 
mens were made in collapsible steel molds, a smooth resistant end 
being obtained by placing a thin layer of neat cement against the end 
plates of the mold. The neat ends were of tricalcium silicate in G to 
L, of 8-dicalcium silicate in M to R, of a mixture of equal parts of 
the two silicates in S to Z, and of the respective aluminate or silicate 
in Ato F. All the mechanical processes of the preparation of the test 
pieces were as far as possible made consistent and uniform. The 
temperature and the humidity of the preparation room were kept 


*Among the aluminates used were the compositions 5CaO . 3. Alot 3 and 3CaO.5AlL0Os. Late investi- 
gations have indicated that the former (1) is a mixture of 12CaO.7Alh0O3 and CaO. AlOs and the latter 
(4), a mixture of CaO.2AbL0;3 and CaO. AbOs. 
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constant (humidity at 80 per cent saturation) and timing of every 
part of the process was an important factor. 

The molds containing the specimens were stored in the damp closet 
until a preliminary examination indicated that the prisms were strong 
enough to be removed and handled without excessive breakage. The 
batches high in tricalcium silicate and the aluminates of calcium, A 
and D to L, were removed in 20 days while B, M to P and § to Z, 
were removed in 35 days. For all except the mixtures containing 
tricalcium penta-aluminate (P), dicalecium ferrite (K), and tetra- 
calcium aluminoferrite (L), the time of storage in the molds could 
probably have been cut in half. The prisms made from the mixtures 
of dicalcium ferrite and tetracalcium aluminoferrite with beta dical- 
cium silicates (Q and R), were still very weak when removed from 
the molds at the end of seven weeks storage. The prisms containing 
y-dicalcium silicate (C), remained soft for a long time but could be 
removed from the moids in 10 weeks although the tensile strength 
was probably not in excess of 5 p.s.i. at that time. 

After removal from the molds the mortar specimens were placed 
in distilled water where they remained until they were exposed to 
steam in an autoclave. Batches A to R inclusive (except C) were 
cured in saturated steam at 150°C. for 24 hours while batches C and 
S to Z were cured under the same conditions for 48 hours. On removal 
from the autoclave they were kept in the damp closet for 2 to 3 days 
and were then placed in the sulphate solutions. With the exception 
of C (y-2CaO.SiO., which was exposed at the age of five months), 
all the specimens were exactly 8 weeks old when they were exposed 
to the sulphate solutions. 


EXPOSURE TO SULPHATE SOLUTIONS 


In the main three sulphate solutions were used, namely, 0.15 
molar sodium sulphate (2.1 per cent NaeSO, by weight), 0.15 molar 
magnesium sulphate (1.8 per cent MgSO, by weight), and a sat- 
urated solution of calcium sulphate (0.2 per cent CaSO,). A few 
experiments were made with half molar solutions of the first two 
salts (6.7 per cent and 5.7 per cent respectively). The solutions of 
sodium and magnesium sulphate were prepared from recrystallized 
salts and contained only traces of impurities. The solution of caleium 
sulphate was prepared from a sample of ground gypsum of high 
purity, a large excess of the gypsum powder being added in each 
container of saturated solution and the solution stirred thoroughly 
from time to time. The mortar prisms, each composed of about 50 
grams of 1:10 mortar, were exposed to the sulphate solutions in 
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PREPARATION AND PRELIMINARY TREATMENT OF THE TEST PIECES 


The preparation of the pure silicates, aluminates,* ferrite and alum- 
inoferrite of calcium was described in the 1932 paper(8) and will not 
be repeated here. The final products were ground to pass a 200-mesh 
sieve and mixed dry in the proportions given in Table 1. These 
“cements” were used for preparing square prisms of mortar 1.55 x 
1.55 x 10 cm., containing one part of the “cement” to 10 parts by 
weight of Ottawa sand (20-30 mesh). Enough distilled water was 


TABLE 1—COMPOSITION OF “CEMENTS” USED FOR PREPARING 1:10 MORTAR PRISMSt 


























: Percentage Composition 

Serial —-, —--— 4, —- |) 

Letter cs | 60:8 | 7-08] Ga | Car] Ca | GAs] GF] CAF] Total 
A 100 100 
B 100 | | 100 
Cc 100 | 100 
D 100 | | | / 100 
E 100 | | 100 
F | 100 100 
G 80 | 20 | 100 
H 80 | 20 | | 100 
I 80 20 100 
J 80 } 20 100 
K 80 | 20 100 
L 80 | 20 100 
M | 80 } 20 | 100 
N 80 } 20 | 100 
oO 80 20 100 
Pp 80 | 20 100 
Q 80 20 100 
R } 80 | 20 100 
Ss 50 | 50 100 
T 40 | 40 | } 20 | 100 
U 40 | 40 | } 20 | | 100 
Vv 40 | 40 | 20 100 
Ww 40 | 40 | 20 100 
xX 40 40 | 20 | 100 
¥ 4 40 40 | | 20 100 
Z 40 40 10 10 ; 100 

| | } | 
tThroughout this report the authors have used the usual abbreviations: C = CaO; A = AloOs;l 


S = SiO2; F = Fe203. Thus C:S stands for 3CaO :SiO2 and CsAF for 4CaO. AlsOs. Fe2O03. The serial 
letters in this table are used in the text to refer to the cements, to the 1:10 mortars made from the 
cements, and to the time expansion curves for each mortar in Figs. 1 to 5. The subscript 1 to the serial 
letter indicates that the mortar has been steam-cured. Thus B refers to the data or graph for the 
“‘untreated”’ mortar prisms made with 8-C2S, while B: refers to the same after steam curing at 150°C. 


used to give a plastic mix, 11.5 per cent by weight for all the batches 
except E, F, and C, where 10 per cent water was used. The speci- 
mens were made in collapsible steel molds, a smooth resistant end 
being obtained by placing a thin layer of neat cement against the end 
plates of the mold. The neat ends were of tricalcium silicate in G to 
L, of B-dicalcium silicate in M to R, of a mixture of equal parts of 
the two silicates in 8 to Z, and of the respective aluminate or silicate 
in Ato F. All the mechanical processes of the preparation of the test 
pieces were as far as possible made consistent and uniform. The 
temperature and the humidity of the preparation room were kept 


*Among the aluminates used were the compositions 5CaO. 3A]203 and 3CaO.5AlOs. Late investi- 
gations have indicated that the former (1) is a mixture of 12CaO.7Alh0Os3 and CaO. AloOs and the latter 
(4), a mixture of CaO.2Alb03 and CaO. AlOs. 
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constant (humidity at 80 per cent saturation) and timing of every 
part of the process was an important factor. 

The molds containing the specimens were stored in the damp closet 
until a preliminary examination indicated that the prisms were strong 
enough to be removed and handled without excessive breakage. The 
batches high in tricalcium silicate and the aluminates of calcium, A 
and D to L, were removed in 20 days while B, M to P and § to Z, 
were removed in 35 days. For all except the mixtures containing 
tricalcium penta-aluminate (P), dicaleium ferrite (K), and tetra- 
calcium aluminoferrite (L), the time of storage in the molds could 
probably have been cut in half. The prisms made from the mixtures 
of dicalcium ferrite and tetracalcium aluminoferrite with beta dical- 
cium silicates (Q and R), were still very weak when removed from 
the molds at the end of seven weeks storage. The prisms containing 
y-dicalcium silicate (C), remained soft for a long time but could be 
removed from the molds in 10 weeks although the tensile strength 
was probably not in excess of 5 p.s.i. at that time. 

After removal from the molds the mortar specimens were placed 
in distilled water where they remained until they were exposed to 
steam in an autoclave. Batches A to R inclusive (except C) were 
cured in saturated steam at 150°C. for 24 hours while batches C and 
S to Z were cured under the same conditions for 48 hours. On removal 
from the autoclave they were kept in the damp closet for 2 to 3 days 
and were then placed in the sulphate solutions. With the exception 
of C (y-2CaO.SiO:, which was exposed at the age of five months), 
all the specimens were exactly 8 weeks old when they were exposed 
to the sulphate solutions. 


EXPOSURE TO SULPHATE SOLUTIONS 


In the main three sulphate solutions were used, namely, 0.15 
molar sodium sulphate (2.1 per cent NaeSO, by weight), 0.15 molar 
magnesium sulphate (1.8 per cent MgSO, by weight), and a sat- 
urated solution of calcium sulphate (0.2 per cent CaSO,). A few 
experiments were made with half molar solutions of the first two 
salts (6.7 per cent and 5.7 per cent respectively). The solutions of 
sodium and magnesium sulphate were prepared from recrystallized 
salts and contained only traces of impurities. The solution of caleium 
sulphate was prepared from a sample of ground gypsum of high 
purity, a large excess of the gypsum powder being added in each 
container of saturated solution and the solution stirred thoroughly 
from time to time. The mortar prisms, each composed of about 50 
grams of 1:10 mortar, were exposed to the sulphate solutions in 
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tightly sealed pint glass jars, two to each jar, containing 450 ce. of 
the solution. These conditions of exposure are quite severe as sim- 
ilar prisms of-1:10 or 1:5 standard sand mortar made with ordinary 
commercial portland cement exposed under the same conditions 
expand and deteriorate very rapidly and disintegrate completely. 

Measurements of the lengths of the prisms were made from time to 
time by means of a micrometer head set in a steel frame. The micro- 
meter was read to 0.01 mm. so that the length of the 10 cm. prisms 
was determined to 1 part in 10,000. All the experimental work was 
done in a constant temperature room at 21°C. (70°F.) 

Careful study of the expansion of mortar bars in sulphate solutions 
shows that the rate of expansion is not uniform. Usually one finds 
periods of very slow expansion alternating with periods of more rapid 
elongation. When a bar has an average rapid rate of expansion, 
measurements taken a day or two apart give a smooth curve while 
in the case of an average low rate of expansion, measurements taken 
a week or two apart may give a wavy curve. 

A typical expansion curve for a portland cement mortar, more 
particularly in solutions of sodium or calcium sulphate, has an initial 
period during which there is very slight expansion, followed by a 
gradually increasing rate. The more common inconsistency between 
replicates is a variation in the initial period so that the curves are 
shifted along the time axis without otherwise changing the character 
of the curves. But considering the nature of the material, the agree- 
ment between replicates obtained in practice is astonishing. An 
average of two or three prisms usually gives consistent results. In 
the present work only rarely would plotting the results of one bar, 
instead of the average result of two bars, change the relative positions 
of any of the curves in the series. 

The great advantage in following the progress of the action of 
sulphate solutions on the mortar specimens by measuring their elong- 
ation is that the same test piece can be used throughout the experi- 
ment. If one were to follow the action by the determination of 
changes in tensile or compressive strength, a very large number of 
specimens would be necessary. As only a limited amount of the 
cement compounds was available, no specimens were made for deter- 
minations of tension or compression. A special clamp was, however, 
designed which enabled determinations of the tension of the prisms 
used for the determination of expansion to be made by means of the 
standard briquet testing machine. The values obtained can be con- 
sidered to be only approximations. A number of such determinations 
were made both with blanks stored in water and with prisms which 
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had been exposed to the action of the sulphate solutions. It has been 
found that similar 1:10 mortar prisms made of ordinary commercial 
portland cement and exposed to sulphate solutions (more partic- 
ularly solutions of NaeSO, or CaSQ,) have, as a rule, lost nearly all 
their strength on reaching an expansion of 1 per cent or less. The 
same does not always hold when dealing with mortar specimens made 
with the pure cement compounds and holds very seldom when dealing 
with specimens cured in steam at 150°C. At times one of the prisms 
was used to determine tension when the linear expansion reached 
one per cent or more, while the duplicate bar was used to determine 
rate of expansion on further exposure to the solutions. 

The use of very lean mortars such as a 1:10 standard sand mortar 
in a study of the resistance of a cement to sulphate action is open to 
very serious objections. It is evident that there is not enough cement 
to fill all the voids in the sand unless the cement on hydration forms 
very voluminous colloid material. Such lean mortars will therefore 
give comparatively free access of the sulphate solution to the cement 
particles throughout the specimen and the advantages brought about 
by a well designed concrete mix are not allowed to play a part. The 
authors agree with this objection and wish to state that the results 
of these experiments should not be considered to apply directly with- 
out modification to richer mixes with a well graded aggregate. They 
consider, however, that these experiments do give a measure of one 
of the most important factors of sulphate resistance, namely, the 
stability of the cementing material under conditions of severe expos- 
ure and that this factor will play a more or less important part in the 
resistance of any concrete containing the compound studied. It 
should also be stated that since these experiments were made at a 
constant temperature and for complete immersion of the specimens 
in the solutions, they cannot be applied directly where great variation 
of conditions occurs, such as alternate freezing and thawing or alter- 
nate drying and wetting. Such conditions probably increase immense- 
ly the importance of the strength factor. 

The authors also realize thai their composite cements may differ 
physically and in some cases chemically from a cement of the same 
composition made by direct ignition in a furnace. Thus a mixture 
of tricalcium silicate with an aluminate low in lime would not be 
obtained by burning a raw mix of that composition to equilibrium 
conditions. Such metastable systems might, however, be obtained 
by mixing different types of cement. Furthermore, a commercial 
cement does not necessarily represent a system in thermodynamic 
equilibrium either as to the chemical compounds present or as to the 
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state of crystallization. But a study by the authors of the expansion 
curves of many scores of commercial cements of varying composition 
using test pieces varying from 1:10 standard sand mortars to 1:3 
and 1:2 mortars with well graded aggregates has convinced them that 
expansion curves for composite cements of the kind described in this 
paper can be used with advantage to interpret the behavior of com- 
mercial cements of the portland cement type when exposed to sulphate 
solutions. 


It should also be emphasized that all the mortars were made with 
silica sand. Mortars made with the same cementing compounds 
but with an aggregate of different chemical composition would not 
necessarily give the same or similar results. 

EXPERIMENTAL RESULTS 
1. Exposure of the Mortars to 0.15 M. Magnesium Sulphate. 

For convenience the data obtained will be considered in four groups 
according to the composition of the cement: (1) The single silicates 
and aluminates (including the mixture of C,;8 + B-C.8). (2) The 
admixtures of 20 per cent of each of the aluminates of calcium, dical- 
cium ferrite and tetraecalcium aluminoferrite with 80 per cent of 
tricalcium silicate as the base. (3) The same admixtures with 6-di- 
calcium silicate as the base. (4) The same admixtures with a base of 
tricalcium silicate and 8-dicalcium silicate in equal parts. 

Group 1. Fig. 1 presents the data for both the untreated and 
steam-cured bars of Group 1. One observes that, with the exception 
of Curve F at low expansion, the untreated bars (Curves A to F and 8) 
fall into the following series in descending order of the rate of expan- 
sion: C;A; (D), CA (E), CsA; (F), B-C2S (B), C38 (A), C;S + 8-C.8 
(S), and y-C:S (C). The expansion of the aluminate bars after the 
short initial period is very rapid. Thus the C;A; bars expanded 5 per 
cent in 5 days, the CA and C;A; bars 2! per cent in 9 and 38 days, 
respectively. The silicate bars have a very slow rate of expansion 
as compared with the curve for an average portland cement (PC) 
obtained by taking the averages of the data for eight commercial 
portland cements manufactured in eight different cement plants on 
this continent. The rate for C38 (A) is lower than that for 6-C.S (B), 
possibly due to the greater porosity and lower tensile strength of the 
bars made from the latter. The mixture of the two silicates (S) 
gives a lower rate than either used alone, while y-C.S (C) gives bars 
with extremely low rate of expansion, showing that the influence of 
the low tensile strength of the bars is far outweighed by the inertness 
of the silicate. ; 





; 
4 


eet 


SSS EEE St Ne na 


LO LR RN a ce 
See . 2 wager nee, 
; a = r— Sat 2 ¢ 


| 
| 
: 





248 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Jan. Feb. 1938 


Steam-curing speeds up the already high rate of expansion of the 
aluminate bars while it slows down the rate of expansion of the 
silicate bars, the effect increasing in the order B-C.S, C;8, C;S + 6-C.S. 
The y-C.,S bars are apparently an exception, the rate of expansion 
being increased so that the rate for the steam-cured 6-C.S (B,) and 
y-C28 (C;) bars did not differ much. This is in agreement with the 
findings of Keevil and Thorvaldson ® that 6- and y-dicalcium sili- 
cates form the same products on exposure to saturated steam under 
pressure. All the bars of this group have expanded 1 per cent before 
the end of the nine years exposure except those made from the C,S + 
6-C,S mixture which at the present rate would require another 4 to 
5 years. 


Perhaps the most striking effect of the steam-curing of this series 
of bars was the enormous increase in the tensile strength of the y-C.S 
bars. As already stated, these bars were very weak when they were 
removed from the molds. After storing in water for 9 months they 
gave a tension of only 10 p.s.i. and this was not materially increased 
on storage in distilled water for 3 years. When cured in saturated 
steam at 150°C. for 48 hours (at the age of 5 months) the tension 
was increased to 240 p.s.i. and this remained the same after storage 
in distilled water for 3 years. The increased rate of expansion as 
compared with the untreated bars, however, indicates that the steam- 
curing renders the y-C:S more vulnerable to sulphate action. This 
indicates that mechanical strength, while in some cases no doubt very 
important in delaying expansion, may become a secondary factor in 
dealing with sulphate disintegration. 


The C,8S and 6-C.S bars also showed a marked increase in tension 
due to steam-curing. Thus, after storing for 3 years in distilled water, 
the untreated bars made from the C;8 + 8-C.S mixture (S) gave a 
tension of 75 while the steam-cured bars (S,) gave 185 p.s.i. 


Another striking observation was the high retention of strength 
by the steam-cured silicate bars as compared with the untreated ones 
on exposure to 0.15 M. magnesium sulphate. After an exposure for 
37 months and at an elongation of 1 per cent the steam-cured C,S bars 
(A,) gave a tension of 120 against 65 p.s.i. for the untreated bars (A) 
which had reached the same elongation at the end of 6 months 
exposure. The figures were lower but relatively similar for the B-C,S 
bars. The untreated y-C.S bars, however, had a tension of less than 
10 p.s.i. when they were exposed to the magnesium solution but this 
had increased to 40 p.s.i. when the expansion reached 1.02 per cent 
at the end of 33 months. On the other hand, the tension of the 
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steam-cured y-C,5 bars fell from 240 to 65 p.s.i. during the 100 days 
required for the same expansion. 

Groups 2 and 3. Fig. 2 presents the data on the mortars of Groups 
2 and 3. In Group 2 the base is C;S with successive additions of the 
aluminates of calcium, C.,F and C,AF, while in Group 3 the base is 
B-C.S with the same admixtures. Considering first the effect of the 
solution on the untreated bars one notices the much lower stability 
of the bars made with C,;S to which the various calcium aluminates 
have been added (G, H, I, J) as compared with the 6-C.S bars with 
the same additions (M, N, O).* This is so in spite of the fact shown in 
Fig. 1, that the bars made with pure C;S expand at a lower rate under 
the same conditions than those made with pure B-C.S. In each case 
it appears that C;A has the greatest effect (G and M) although all 
the untreated bars made with C;S with 20 per cent admixtures of 
aluminates show extreme instability. Both the mixtures of C;A 
and C;A; with B-C,S (M and N) expand faster than the pure B-C.S 
while the mixture of 6B-C.S and CA(O) expands much more slowly 
than the mortar made with the pure 6-C.S. 

The admixture of CysAF (L) and C.F(K) to C;8 increased the rate 
of expansion above that of the pure C;S mortar but the increase was 
much lower than for the admixture of any of the aluminates, while 
the addition of C,sAF to 6-C.S (R) gave the lowest rate of expansion 
of any of the untreated bars. The bars made from the mixture 6-C,S + 
C.F were unfortunately broken near the beginning of the experiments 
so that no expansion data is available for these. 

Steam-curing decreases the rate of expansion of all the bars of 
these two groups. The C,S steam-cured bars containing admixtures 
of the aluminates, however, expand quite rapidly, except the C;8 + CA 
mixture (I,) which gives a very slow rate of expansion. The slowing 
up of the rate of expansion is also very great for the C;8 + C,AF (1) 
and the C;8 + C.F(K,) mixtures. On the other hand, the effect of 
steam-curing of Group 3 is more marked for the admixtures of the 
aluminates richer in lime. The effect on the mixture of 6-C.S + C;A 
(M;) is marked and the mixture B-C.S + CsA; (N;) has an extremely 
low rate of expansion while the effect on 8-C:S + CA (O,) is compar- 
atively slight or may be reversed at expansions above 0.70 per cent. 
The neat cement ends of these bars appeared to be attacked to a 
slight extent by the sulphate solution. No data on the expansion of 
steam-cured bars containing B-C,S with admixtures of C;A; (P)), 
C.F (Q;), or CyAF (R;) are available. 

*Unfortunately the bare made with @-C:S + CaAs (P) were broken. 


0.15 M. magnesium sulphate and examined from time to time. 
action of the solution as the bars made with 6-C2S + CA (O). 





The pieces were exposed to 
They appeared to be resistant to the 
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Group 4. Fig. 3 gives the corresponding data for Group 4, namely, 
the admixtures with a base of C,S and 6-C.S in 1:1 ratio. The results 
for the untreated bars (T, U, V, W, X, Y, Z) are very similar to those 
shown in Fig. 2 for the corresponding admixtures with C,;S alone. 
All the mixtures containing aluminates are very unstable while those 
containing C,AF (Y) and C,F (X) give a mortar stability approach- 
ing that of the silicate base (Fig. 1, Curve 8). 

The steam-cured bars made from the 20 per cent C;A mixture (T)) 
expand rather rapidly although slower than the untreated bars. On 
the other hand, steam-curing reduces the rate of expansion of all the 
other mixtures of this group below that of the untreated bars made 
with the silicate base alone. This applies even to the mixtures con- 
taining 10 per cent C;A + 10 per cent CsA; (Z;) while the admixtures 
of 20 per cent of C;A; (U;), CA (Vi), C3As (Wi), CoF (X,) and C,AF 
(Y:) show exceptional stability, the rate of expansion approaching 
that of the steam-cured bars made with the silicate base alone. 

The tension data available on Groups 2, 3, and 4 is somewhat 
fragmentary. Some of it is given in Table 2. While the tension of 
the untreated bars containing C;A, namely, M, T and Z, at the age 
of 28 days was not determined, we know from other similar experi- 
ments that these bars stored in water must have reverted, after reach- 
ing a maximum, to much lower tensions. This is in general char- 
acteristic of lean mortars of cements high in C;A. This reversion 
of strength was, however, largely prevented by steam curing. The 
data of Table 2 illustrates the high strength developed on steam- 
curing of mortars and their stability both in water and in a 0.15 M. 
solution of magnesium sulphate. 

The exposures of bars to 0.5 M. magnesium sulphate did not add 
any information except that the expansion was more rapid in the more 
concentrated solution and the ratio of the time required for the 
steam-cured and untreated bars to reach an expansion of 1 per cent 
was lowered. 

2. Exposure of the Mortars to 0.15M. Sodium Sulphate. 

Fig. 4 and Table 3 present the data for the untreated and steam- 
cured bars with the exception of some of the most unstable mortars 
(G, H, I, J, M, N, T, U, V, W, Z, and D,), and a few for which there 
were no expansion data available (P, P:, Q, Qi, and R). A graph 
(PC) for the corresponding average expansion of 1:10 mortars of 8 
commercial portland cements in 0.15M. NaeSO, is also included in 
Fig. 4. 

Many of the mortars contracted slightly (rarely more than 0.01 
to’ 0.02 per cent) during the early stages of exposure to the solutions 
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of sodium and calcium sulphate. No attempt is made to graph this 
contraction. 


TABLE 2—TENSION DATA ON 1:10 MORTAR BARS (IN LBS. PER SQ. IN.) AFTER STORAGE 
IN DISTILLED WATER FOR 3 YEARS AND IN 0.15 M. MAGNESIUM SULPHATE FOR 
VARIOUS INTERVALS 


Serial Letter M s i ae Ww x Y Z 
a dimsbeiitinnas ‘ - ina a —— " ‘oil “ ™ . 
% Composition 808-C28) 50 C38 | 40 C38 + 40 8-C.S + 
of Cement | 20 CaA |508-C2S| 20 CsA |20 CsAd 20 CA |20 CoA 20 CF |20C\AF\ 10 GA 
10 CsAa 


Untreated bars in 


H20 (3 years)...... 35 75 20 110 150 150 90 100 25 
Steam-cured (:) bars in 


' 

H20 (3 years)..... 135 185 150 185 190 170 230 210 | 205 
Steam-cured bars in 

0.15 M. MgSO, 

Time of Exposure: 

Months 9 6 108 96 72 8 | 108 11 
% Linear Expansion 1.0 1.65 0.56 1.1 1.0 0.25 0.98 0.90 
Tension: lbs. per 

Square inch 95 30 100 95 195 145 32 90 


(:) M was cured in saturated steam at 150°C. for 24 hours, the others under the same conditions for 
48 hours. 


TABLE 3—DATA ON 1:10 MORTARS WITH VERY LOW EXPANSION IN 0.15 M. NA2S0, 


| 





A | B| | O S x Y 








Untreated| 
Steam- | } 
Cured Ai Bi| C:|Ki | Li} Mi; Ni O: | R: 8:1) Ti! Ui } Xi | Yi: | Z 
enc Tame Sais foam james ‘ - 
| | | 8003S ; 
ae g 808-C:8 +4 50C38 40C38 + 408-C28 
% Com- | = + - 
Position | _ # | | = | 508C28 7 ~ « 
mi RBl mle] = | %s ‘; “| 3 . 3 3 6 
RQ lei O;2i2)/ 2] e& = ~ “se”. 4 = ~» 
siYVlitiscis = —) = S = — S — =i 
$$$} _ Y ' SI Fi nain NN nl N N N x a] a 
Exposure | Elongation in percentage of original length 
1 year | O| O!| O}] O}.04 OL O}.06 0! 0 0! 0 0 0 0 0 | .06 0 | .01 
3 years | 0/| 0; 0| 0 |.05).01 0 | .09 0. 0 0| 0}.01 |.01 0 0.06 0 .02 
6 years | .02| 0/ 0} 0|.06).04 |.04 |.18 |.005) 0 |.01 | 0 | .04 | .02 | .005) .005) .08 | .02 | .06 
| 
9years | .075\ 0 | 0} 0|.09).05 | .05 |.23 |.015| 0 | .025) 0 |.10|.03 |.03 | .005 .095) 02 | .07 


Group 1. The untreated C;S mortar (A) showed no expansion for 
the first 4 years of exposure. Then slow elongation began and pro- 
ceeded at an almost constant rate reaching 0.075 per cent at the end 
of 9 years. The steam-cured bars (A;) behaved exactly in the same 
way. Neither the untreated nor the steam-cured specimens of 8-C.S 
(B and B,) showed any expansion at the end of 9 years. The un- 
treated C;S + £8-C.S bars (S) expanded 0.025 per cent while the 
steam-cured specimens (S;) showed no expansion in 9 years. The 
untreated bars of y-C:S (C) began expanding slowly and erratically 
after about 5 months exposure, later expanding rapidly. Steam- 
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curing at 150°C. for 48 hours prevented any expansion up to the 
end of the nine year period. Thus, as in the case of the exposure to 
magnesium sulphate, the steam-cured y-C.S bars gave identical re- 
sults with steam-cured 8-C.S bars. 

The untreated bars made with the aluminates alone all expanded 
and lost strength rapidly, the C;A; (D), CA (E), and C3A; (F) bars 
reaching 1 per cent expansion in 11, 28, and 51 days, respectively. 
Steam-curing accelerated the expansion, tlfe C;A; bars (D,) becoming 
quite unstable and disintegrating in 3 days exposure, while the CA 
(E,) and C;A; (F,) bars reached 1 per cent expansion in 7 and 14 days, 
respectively. 

Comparing the effect of solutions of sodium and magnesium sul- 
phate on the mortars of Group 1, one sees that the silicate mortars 
were very much more resistant to sodium sulphate while there was 
very little difference in the case of the aluminate mortars, all being 
unstable in both solutions. 

The slight effect of the 0.15 M. sodium sulphate on the untreated 
C;S bars (A) was accentuated in a 0.5 M. (6.7 per cent) solution, the 
expansion in the more concentrated solution being 0.03 per cent in 
6 years and 0.28 per cent in 9 years. There was no acceleration of 
the expansion of the steam-cured bars (A;) in the more concentrated 
solution (0.075 per cent at the end of 9 years). The 6-C.S mortar 
gave some expansion in the 0.5 M. solution, the untreated bars (B) 
0.13 per cent and the steam-cured bars (B,) 0.06 per cent in 9 years. 
The disintegration of the aluminate bars (D, E, and F) was more 
rapid in the 0.5 M. solution. 


‘ 


Two interesting tension tests were made on the 8-C.S bars stored 
in 0.15 M. Na,SO, The untreated bar (B), after 18 months in the 
solution, gave a tension of 40 lbs. while the steam-cured bar (B;), after 
9 years exposure, gave a tension of 235 lbs. per sq. in. Neither showed 
any expansion. 

Group 2. The untreated mortars made with the aluminate admix- 
tures to the C;8 base (G, H, I, and J) showed similar instability in 
0.15 M. NaeSO, as in 0.15 M. MgSO, (Fig. 2). The graphs are not 
included in Fig. 4. The C;A and CA admixtures (G and I) were the 
most unstable, the latter falling to pieces at a very low expansion in 
7 days. Steam-curing had in all cases a very marked stabilizing effect 
(see graphs G,, Hi, I,, and J;, Fig. 4), the beneficial effect being greatest 
for the CA admixture (I,;) and least for the C;A; admixture (J;). 

Compared with the aluminate admixtures, the untreated mortars 
containing 20 per cent C,AF (L) and 20 per cent C2F (KX) were very 
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stable in 0.15 M. NaSO,. The C,;8 + C.F mortar (K) was partic- 
ularly stable showing no expansion in 3!4 years and expanding only 
0.44 per cent in 6 years as,compared with less than 15 days required 
for the average 1:10 portland cement mortar (Graph PC). The 
untreated C;8 + C,AF mortar (L) was also very stable requiring 
more than 14 months for a 0.44 per cent expansion. Steam-curing 
at 150°C. for 24 hours reduced the expansion of the C;8 + C,AF 
mortar (L;) to 0.05 per cent in three years, 0.09 per cent in 9 years; 
of the C;S + C.F mortar (K,) to zero in 9 years. These two mortars 
(K and L), both untreated and steam-cured, were thus much more 
resistant to the action of sodium sulphate than magnesium sulphate. 


Group 3. This group, with B-C.S instead of C;S as the base, gave 
some very interesting results. The addition of C;A (M) gave an 
extremely unstable mortar, probably due to the combination of low 
strength with the rapid action of the sulphate on the C;A. The 8-C.8 
+ C;A; mortar (N) expanded also rather rapidly but retained its 
strength quite well. These two graphs are not included in Fig. 4. 
The 6-C.S8 + CA mortar (O) showed great stability, expanding only 
0.09 per cent in 3 years and 0.23 per cent in 9 years. There are no 
measurements available for the untreated bars P, Q, and R in 0.15 
M. NaeSQ,. 


The steam-cured mortars of this group all showed extraordinary 
stability in 0.15 M. NaeSO,, the B-C,S + C;A bars (M;) and the B-C,S 
+ C;A; bars (N;) giving an expansion of only 0.05 per cent, the B-C.S + 
CA bars (O,) only 0.015 per cent and the 6-C.S + C,AF bars (R;) 
no expansion at the end of 9 years exposure. No measurements 
were available for bars P; and Q;. Very few tension measurements 
are available. At the end of 7 months exposure the untreated 6-C,S + 
C;A; bars (N) gave a tension of 65 lbs., the untreated and steam- 
cured bars of B-C.S + C;A; (P and P;) tensions of 45 lbs. and 80 lbs. 
per sq. in., respectively. 


Group 4. The results obtained with this group (C;38 + £6-C.8 
base with admixtures) are in agreement with what one would expect 
from the results with Groups 2 and 3. The presence of C,5 in the 
basic material renders all the untreated mortars containing admixtures 
of aluminates of calcium (T, U, V, W, and Z) quite unstable in 0.15 M. 
NaSQ,, the one containing CA (V) being the most unstable, expand- 
ing nearly 4 per cent between the 7th and 11th day of exposure. All 
the five sets of bars had fallen to pieces at the end of 11 days. The 
graphs are not included in Fig. 4. The stabilizing action of steam- 
curing was much greater than for the corresponding mortars of Group 
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2, the bars of T,, Ui, Z:, possessing stability comparable to that of 
the C;S mortar (See Fig. 4 and Table 3). 


Similarly, the additions of C,AF (Y) and C.F (X) to the mixed 
silicates base produced mortars which were more stable than the 
corresponding mortars with C;S as the base (L and K). Bars Y and X 
showed expansion of 0.09 per cent and 0.03 per cent, respectively, 
at the end of 9 years exposure. Thus, as the capacity of the silicate 
base to liberate lime decreases, the stability of the mortars contain- 
ing C,AF and C,F increases, but the disturbing effect of free lime is 
small compared to the effect on the mortars containing the aluminates 
of calcium. After steam-curing, mortar Y, expanded only 0.02 per 
cent, while mortar X, (C.F replacing C,AF) showed no expansion 
after 9 years exposure to 0.15 M. NaeSQ,. 


3. Exposure of the Mortars to saturated (0.20 per cent) calcium sulphate. 


Fig. 5 and Table 4 present the data for this series of experiments 
omitting the untreated bars of some of the most unstable mortars 
(G, H, I, J, T, U, V, W, and Z), the steam-cured mortars T,, U,, 
Vi, Wi, and Z,, and mortars P, P;, Q, R, and R,, for which there were 
no expansion data available. 


The corresponding time-expansion curves for the mortars in sat- 
urated (0.20 per cent) calcium sulphate and 0.15 M. (2.1 per cent) 
sodium sulphate, are very similar, with the expansion in the calcium 
sulphate solution in general somewhat greater. The chief exceptions 
were mortars C, F, and Fi, K and L, which expanded more slowly 
in saturated calcium sulphate. The expansion of the duplicate bars 
was somewhat less consistent in the calcium sulphate than in the 
sodium sulphate solution. 


Group 1. The expansion of the C;S bars (A) in saturated CaSO, 
was ().22 per cent in 9 years against 0.07 per cent in 0.15 M. NapSQ,. 
There was also superficial crumbling. Steam-curing reduced the 
expansion to 0.14 per cent and almost prevented the superficial 
crumbling. There was a very slight expansion of the untreated 6-C.S 
bars (B) which was somewhat increased by steam-curing (0.02 to 
0.12 per cent in 9 years). There was no crumbling of the surface. 
The y-C.S bars (C) expanded much less than in 0.15 M. NaSO,, 
namely, 0.20 per cent in 9 years against 0.93 per cent in 4 years and 
the expansion was reduced by steam-curing to 0.09 per cent in 9 
years. Thus the results with steam-cured B-C.S8 (B;) and y-C.S (C)) 
approach the same value. The mixed silicates, C;8 + 6-C,S, give 
a more stable mortar than C;8 alone, with expansion of 0.04 per cent 
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TABLE 4—DATA ON 1:10 MORTARS WITH VERY LOW EXPANSION IN SATURATED CaSQ, 





Serial | A B S K L s xX : Y : 
Letter Ai Bi Ci Ki; Li | Mi} Ni O:| Q Ss Xi Y1 
% Com- } 
position 80C3S + 808-C.S + 50C38 + |40CS + 408-C,S + 
of C38 BCS y-C2S 508C28 
Cement - - e ; -— 
20Cok 20CsAF | S| 3) <4) 20C 4 20C.AI 
i, : ; 
AiR) RR 
Exposure Elongation in percentage of original length 
1 year 03). 04 05 01.04 04 13 —|. 01 05 — 
3 years |.05).07 05 02).04 05 16 02 005 .09 _— 
6 years |.10).13).02).09|.08|.07|.11 |.13 |.26 |.06|.02 |.01 |.01!.01!.03)}.015).02 |.01 18 |.01 
9 years 22' 14|.02'.12).20'.09).20 13 34 11|}.035'.015'.05).03 .04 |.025).055,.015 20 02 


in 9 years for untreated bars (S), 0.025 per cent in 9 years for steam- 
cured bars (S:). There was very slight crumbling of the surface 
of S, none of §;. 

The aluminate mortars (D, E, F) gave results similar to those 
obtained with 0.15 M. Na.SO,;. The stability of the untreated bars 
was low, increasing as the proportion of lime in the silicate decreased. 
Steam-curing decreased the stability. The steam-cured bars made 
with C;A; (F:) gave a peculiar result, expanding rapidly 0.35 per cent 
in 15 days, then at a decreasing rate until they appeared to become 
completely stabilized at 0.51 per cent expansion at 60 days. No 
further change occurred during 9 years exposure. 

Group 2. The untreated bars containing aluminates mixed with 
C;8 (G, H, I, and J) were very unstable in this solution. The initial 
period before rapid acceleration of expansion began was somewhat 
longer than in 0.15 M. NaSO, and increased with decreasing lime 
content of the aluminate admixture. Thus to reach an expansion 
of 0.10 per cent required 8 days for G, 10 days for H, 12 days for I, 
and 24 days for J. After this initial period, the time required for 
expansion of 1 per cent (or till the bars fell to pieces) was about the 
same as in the 0.15 M. NaSO, solution. The bars had all reached 
this stage 5 days after expansion of 0.10 per cent. 


The corresponding steam-cured bars had a comparatively high 
stability in saturated CaSO,. Fig. 5 gives the expansion curves. 
The relative rates of expansion fall in the same order as for immer- 
sion in 0.15 M. NasSO, (Fig. 4), the mixture containing CA giving 
the lowest, the C;A; mixture the highest rate of expansion. 


The mixture of C;8 and C,AF (L) expanded less in the saturated 
CaSO, solution than in 0.15 M. NaeSO,, an expansion of 0.34 per cent 
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requiring 9 years in the former against about 14 months in the latter, 
Steam-curing reduced the expansion (L,) to about the same figure 
for both solutions (0.1 per cent in 9 years). The results with the 
untreated C;S + C.F mortar (K) were similar, an expansion of 0.20 
per cent requiring 9 years in saturated CaSO, as compared to 5% 
years in 0.15 M. Na,SO,. The steam-cured bars (Ki), however, 
expanded somewhat more in the CaSO, solution, i.e., 0.13 per cent 
against 0.03 per cent for the Na,SO, solution in 9 years. Both these 
mortars, L and K, showed considerable superficial crumbling in the 
CaSO, solution while there was none in the Na.SO, solution. Steam- 
curing reduced crumbling. 


Group 8. As in the exposure to 0.15 M. NaSO,, the mixture 
B-C.8 + C3;A (M) was very unstable, expanding 1 per cent in 11 
days. The rate of expansion of the B-C.S + C;A; (N) mixture was 
much lower, namely, 0.5 per cent in 75 days (defective ends prevented 
further measurements) while the B-C.S + CA (O) mixture gave a 
comparatively stable mortar requiring 8 years for an expansion of 
1 per cent without any crumbling occurring. No measurements on 
the untreated bars P (6-C.S + (C;A;), Q (8-C.S + C.F) and R 
(B-C.5 + C,AF) in saturated CaSO, are available. Comparing 
these results with the exposures in 0.15 M. NaeSQ,, one sees that 
both M and N expanded more rapidly in the sodium sulphate solution 
while O expanded faster in the saturated CaSO, (1.0 per cent against 
0.20 per cent in 8 years). 

The expansion of these mortars (M,, Ni, and O,) after steam-curing 
at 150°C. was almost negligible (0.035, 0.015, and 0.05 per cent, 
respectively), showing the effects of the low-limed silicate base. Meas- 
urements on one steam-cured bar of mixture Q,; (6-C.8 + CI) were 
available. This showed very slight expansion (0.03 per cent) in 9 
years. These results are all very similar to those obtained on the 
exposure of the corresponding bars in 0.15 M. NaeSQ,. 

Group 4. The curves for Group 4 are not plotted in Fig. 5. The 
untreated bars T, U, V, and W, gave results entirely parallel with 
the corresponding bars of Group 2 (G, H, I, and J, Fig. 5) except 
that the rate of expansion was in each case slightly lower. Similarly 
the steam-cured bars T,, U;, Vi, and W,, gave results parallel with 
those obtained with Gi, H,, I, and J;, except that the protective action 
of steam-curing was very much greater with the silicate mixture 
lower in lime. Thus all the steam-cured bars containing aluminates 
with the C;S base had expanded more than 1 per cent but none of 
the corresponding bars with the 1:1 C,;S + 6-C.S base had expanded 
appreciably after 300 days exposure to saturated CaSQ,, and only 
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the bars of W,, (C;8 + B-C.S + C;A;) had expanded 1 per cent at 
the end of 9 years exposure. With the exception of V,, (C;8S + B-C.8 + 
CA) where the duplicate bars gave discordant results, the expansion 
of the steamcured bars was greater in saturated CaSO, than in 0.15 
M. NaeSQ,. 


The mixtures of this group containing C,AF (Y) and C.F (X) ex- 
panded considerably more in saturated CaSO, than in 0.15 M. NaeSOx,, 
namely, 0.20 and 0.05 per cent, respectively, against 0.09 and 0.03 
per cent in 9 years. The expansion of the corresponding steam-cured 
specimens was almost negligible. Both the untreated mortars showed 
superficial crumbling which was entirely stopped by the steam- 
curing. 


GENERAL DISCUSSION OF THE EXPERIMENTAL RESULTS 


A considerable amount of information is available as to what 
happens when the compounds C;A, C;8, 8-C.S8, and y-C.8, are exposed 
to saturated steam at 150°C. C;A forms isometrical crystals of 
3CaO.A1.03.6H2O (5) and it is probable that on steam-curing sand 
mortars containing C;A the same compound is formed although it 
is possible that a hydroaluminate lower in lime is formed to a slight 
extent. C;S may form a hydrate containing a maximum of 2 moles 
of water per mole of C,;S (2) but if any water condenses in the material, 
hydrolysis occurs with liberation of one mole of lime and formation 
of 2CaO.SiO2.H.O. Both B-C.S and y-C.8 also form the hydrate, 
2CaO.Si0Oe.H20, without liberation of an appreciable amount of 
lime. When the portland cement-silica sand mortars are cured in 
steam at 150°C. the rapid growth of erystalline Ca(OH). and the 
slower formation of crystals of 2CaO.SiO..H.2O with the disappearance 
of the lime can be followed by microscopic methods and confirmed by 
X-ray powder patterns (6, 9). It has also been shown that the pres- 
ence of the sulphate accelerates the hydrolysis of C38 and C.S8. 


We will consider first the action of solutions of magnesium sul- 
phate on the silicate mortars. The expansion curves (Fig. 1) for the 
steam-cured 6-C.S and y-C.8 mortars (B; and C;) where the cement 
after the treatment is largely composed of the hydrated dicalcium 
silicate with very little or no free lime present, indicate that this 
hydrate is slowly attacked by the sulphate. The slightly lower 
expansion of the steam-cured 8-C.S mortar (B,;) than the untreated 
specimen (B) may be due to several factors: (1) the formation of 
crystals of the hydrate in the steam-cured specimens as compared 
with a more finely divided or gel form in the untreated bars, (2) 


‘ 


the presence of less unhydrated 8-C.S in the steam-cured bars, (3) 
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the removal of any free lime formed by hydrolysis of the 6-C.S during 
steam-curing, (4) the higher strength of the steam-cured bars, and 
(5) possibly to some slight change in permeability of the bars to the 
solution. The large difference in the result for the steam-cured and 
untreated bars of y-C:S must be attributed to the great inertness 
(low solubility) of the gamma form. 

The curve for the steam-cured C;8 bars (A) confirms that the 
hydrated silicates are attacked slowly by MgS0,, resulting in expan- 
sion in spite of the greater tensile strength of these bars. The 
difference between the rate of expansion of the steam-cured and un- 
treated C;S bars (A; and A) is probably a measure of the effect of 
the presence of free lime on the expansion plus that due to the in- 
creased tensile strength. 

The slower expansion of the untreated C;8 + 8-C.S mixture (8) 
than of either component alone (A and B) may be partly a permea- 
bility effect. The same applies to the steam-cured mortar (S8;) although 
this was steam-cured for 48 hours as compared with 24 hours for A, 
and B,;. Other experimenters have reported that this mixture is 
superior to the individual components as a cement. 


‘ 


~~ 


onsidering the expansion of the B-C:S and y-C.S mortars in 0.15 
M. Na.SO, (Table 3 and Fig. 4) we find that the steam-cured mortars 
(B,; and C,;) gave no expansion in 9 years, indicating the great stability 
of the dicalcium silicate hydrate in this solution. The same result 
was obtained with the untreated B-C,S mortar while the untreated 
y-C.S mortar began expanding rapidly after lengthy exposure to the 
solution. The exposure of the B-C:S bars to 0.5 M. NaoSO, (6.7 per 
cent) gave in 9 years an expansion of 0.13 per cent for the untreated 
and 0.07 per cent for the steam-cured bars indicating that the hy- 
drated silicate is affected by higher concentrations. The results 
with the C;S mortars (A and A;) each with an expansion in 0.15 M. 
Na SO, of 0.075 per cent in 9 years indicate the small effect of free 
lime in this case. Exposure to 0.5 M. NaoSO, gave in 9 years an ex- 
pansion of 0.28 per cent for the untreated bars (A) but the same 
expansion for the steam-cured bars (A;) namely, 0.075 per cent, 
showing the beneficial effect of steam-curing under the more severe 
conditions of exposure. The results of the exposure of the mortars 
to saturated CaSO, (Table 4, Fig. 5) were somewhat similar to the 
results with 0.5 M. NaSOx. 

The authors do not consider that the methods used in this investi- 
gation are well suited to the study of lean mortars made with the 
aluminates alone with the view of applying the results to the behavior 
of high alumina cements in sulphate solutions. However, the instab- 
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ility of very lean and permeable mixes of the aluminates (D, E, and F) 
in all the sulphate solutions studied, the failure of steam-curing to 
increase the stability (D,, Ei, Fi), the great instability of the mixtures 
of C;S with low-limed aluminates (H, I and J), and the great stab- 
ility of the mixtures of 8-C.S with the same aluminates, with C,AF 
and C.F are observations which are in general agreement with the 
behavior of high alumina cements and mixtures of these with port- 
land cement. 


When the aluminates of calcium are mixed with a silicate base 
(Groups 2, 3, and 4), the expansion curves become similar to those 
obtained for the pure aluminate mortars. The factor primarily con- 
trolling the expansion appears to be the capacity of the silicate base 
to liberate lime on hydration. When a mortar made from a mixture 
of an aluminate with a large amount of C,;S is cured in water, one 
may assume that the hydration of the aluminate takes place in a 
solution saturated or supersaturated with calcium hydroxide, and 
that the conditions are therefore favorable for the formation of hy- 
drated tetracalcium aluminate. This may apply more particularly 
to the mortars containing the lower-limed aluminates. The experi- 
mental results obtained with these mortars fit the theory that the 
rate of expansion depends on the relative amounts of the hydrates 
of tetracalcium aluminate, tricalcium aluminate and dicaleium alum- 
inate formed in the mortar and that the reactivity of these hydrates 
with sulphate solutions increases with their lime content. 


This suggests that the removal of the free lime may be the main 
factor in increasing the sulphate resistance of these mortars on steam- 
curing. The efficiency of the steam-curing increases as the amount of 
free lime which must be removed is reduced (ef. G;, T;, Mi) but other 
factors discussed above, such as the tensile strength of the specimen, 
permeability, etc., probably also play a part. There is, however 
another factor, the effect of the steam-curing on the aluminate in 
the cement. Considering the action of 0.15 M. MgSO, on the steam- 
cured mortars, G; and T), one finds that although the expansion is 
much slower than that of the untreated bars, it is faster than that of 
the untreated silicate base. This indicates that the action of the 
sulphate on the steam-cured aluminate must be the controlling factor. 


A series of experiments was made to get further information on 
this question. The cement mixture selected was 40 per cent C,;8 + 
40 per cent B-C.S + 20 per cent C;A (T). Comparisons were made 
between the expansion of the following mortars in all three sulphate 
solutions: (1) Untreated mortar, (2) Steam-cured mortar (48 hours 
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at 150°C.), (3) Mortar made with the anhydrous C;A replaced by 
an equivalent amount of C;A.6H,O. (The C;A was treated with satur- 
ated steam in an autoclave at 150°C. until completely changed to 
the hexahydrate). (4) Same as mortar (3) but with the C,A.6H,O 
thoroughly dried at 100°C. 


It is probable that when the mortars are placed in the sulphate 
solutions, No. 1 contains the higher hydrates (hexagonal plates and 
needles) of C;A or C,A and that a considerable amount of free lime 
is present, No. 2 contains the aluminate in the form of the hexahy- 
drate and the free lime has been removed, while No. 3 and 4 contain 
the aluminate as the stable hexahydrate with considerable free lime 
present from the hydrolysis of the C38. On exposure to 0.15 M. 
MgSO,, it was found that No. 2 and 3 gave almost the same rate of 
expansion requiring about 10 times as long as No. 1 to reach an 
expansion of 1 per cent, while the mortar from the silicate base (S) 
required over 50 times as long as No. | to reach the same expansion. 
It appears therefore that the presence of the free lime (in No. 3) 
does not affect the expansion appreciably once the aluminate has been 
stabilized as C;A.6H2O, and that in the steam-curing of the mortars 
containing C;A mixed with a silicate base the stabilization of the C;A as 
C;A.6H,0 is as important as the removal of the free lime. Therefore 
it appears that the rapid expansion of No. 1 must be due either to 
the presence cf a very reactive hydrate of C,;A or hydrated C,A in 
the mortar. Mortar No. 4 required about 1.5 times as long to reach 
an expansion of 1 per cent as No. 3. It has been long known that 
when well-cured concrete is dried, its resistance to sulphate action is 
increased. 


In 0.15 M. NasSO, Mortar No. 3 required six times and No. 4 nine 
times as long as No. 1 to reach an expansion of 1 per cent while No. 2 
had expanded only 0.10 per cent at the end of nine years. Thus 
while stabilization of the C;A as C;A.6H,O has an important effect, 
the removal of the free lime appears to be much more essential in 
order to prevent the action of sodium sulphate. The relative figures 
for immersion in saturated CaSO, were similar. 


This leaves consideration of the mortars containing additions of 
C,AF and C.F (K, L, Q, R, X, and Y). These mixtures are very 
resistant to the action of sulphates but sometimes produce peculiar 
results. Mather and Thorvaldson “ have shown that on treating 
C,AF with steam at 150°C. there is a rapid decomposition to form 
C;A.6H.O and CF.H.O and a slower secondary decomposition of 
the CF.H,O to give free lime and hematite. They have also shown 
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that under the same conditions C.F hydrolyzes rapidly to give CF.H.O 
and Ca(OH): with a slower decomposition of the ferrite. 

It is probable that 24 to 48 hours steam-curing at 150°C. causes 
the first reaction in each case to proceed almost to completion with 
the formation of crystalline C;A.6H,O and partial or complete removal 
of the free lime by combination with the silica sand depending on the 
quantity of C;S present. Thus especially in the case of C.F a very 
stable mortar may be produced. Steam-curing, however, gives more 
free lime from C.F than from C,AF and, if this is not completely 
removed, may tend to increase the expansion of the C.F mortar in 
sulphate solutions. 
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Discussion of the fore going paper will be we leome uf received in tri- 
plicate by the Secretary of the Institute by April 1, 1938. For such 
discussion as may deve lop readers are referred to the JOURNAL for 
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Effect of Type of Test Specimen and Gradation of 
Aggregate on Compressive Strength of Concrete* 


By Trpor GyEencot 


INTRODUCTION 


The purpose of compressive tests is in general to compare the 
relative strengths of different concretes. The size and shape of test 
specimens specified are different in various countries, and may also 
be changed by new specifications. A few illustrations will show how 
different these specifications may be. 

Cubes of 20 em (8 in.) size are standardized for compressive tests 
in Austria, France, and Hungary. Cubes are also specified in Ger- 
many, the size of which depends upon the maximum size of the aggre- 
gate used. When the size of the aggregate is more than 40 mm (1.6 in.), 
30 em (12-in.) cubes are used. For aggregate of less size than 40 mm 
(1.6 in.), 20 em (8-in.) cubes are used. Also 10 em (4-in:) cubes may 
be used when the aggregate is less than 30 mm (1.2 in.). In Switzer- 
land 16 and 20 em (6.3 and 8 in.) cubes and 12 x 12 x 36 em (4.7 x 4.7 x 
14.2 in.) prisms are used for compressive tests. The English standards 
require 4-in. cubes and 6 x 6-in. cylinders. In the U.S. A. the strength 
is always obtained on cylinders with a 1:2 ratio of diameter to length, 
6 x 12 in. being the most common size. Furthermore, the diameter 
of the cylinder should be at least three times the diameter of the 
maximum size aggregate. 

It is well known that the compressive strength of concrete of a given 
mix is not the same when obtained on different size and shape test 
specimens. Thus concretes tested on different type specimens can 
only be compared when we know the effect of the type of the speci- 
mens. Several investigations have already been made in this field. 


*Received by the Institute June 10, 1937. 
tEngineer, Budapest, Hungary. 
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However, the tests generally included only one shape of specimen of 
rariable sizes. Gonnerman’s* investigation consisted chiefly of 
cylinders, while Bach’st study consisted of 32 em (12.6-in.) square 
prisms of variable lengths. 

The author’s experiments included cubes, cylinders, and prisms 
as shown in Fig. 1. The object of these tests was to study the effect 
of the fineness modulus on the relation between compressive strength 
and size and shape of specimen. The concretes were made with six 
different gradings of aggregate. Fig. 2 shows the six sieve-curves and 
the Abrams fineness modulus of the materials. Material A was pure 
sand of 5 mm (0.2 in.) maximum grain size. 

All conerete contained 270 kg per cu. m. (454 Ib. per cu. yd.) high- 
strength portland cement of the M. A. K. type. The required grading 
of aggregate was secured by mixing the sand and gravel in the ne- 
cessary proportions. The sand and gravel came from Mezényékladhiiza 
Gravel Co. in Hungary. The mixing water was from the city of Buda- 
pest. All mixes were workable and of uniform plasticity. The con- 
sistency and uniformity of the mixes were checked by the Powers’ 
apparatus which proved more reliable than the more popular slump- 
cone method. The workability of all mixes expressed in Powers’ 
grades was between 16 and 20. All mixing was done by a Jaeger 
mixer, except the concretes marked A and B, which were mixed by 
hand. Sandy materials are not suitable for machine mixing because 
the cement partly clogs and partly sticks to the walls of the mixer 
and does not become uniformly distributed in the concrete. This 


*Harrison F. Gonnerman: ‘Effect of Size and Shape of Test Specimen on Compressive Strength 
of Concrete,”’ Bulletin 16, Structural Research Laboratory, Lewis Institute, Chicago, Il 
tR. Saliger: Der Eisenbeton, V. Auflage, 1925, page 40 
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changes the cement content per cubic yard of concrete and thus 
falsifies the test results. 

All the test specimens compared in one group were made from the 
same batch. This method assured the uniformity of the concrete in 
all test specimens. 

Most of the specimens were 28 days old when tested. At first a 
few tests were also made at earlier ages in order to find out whether the 
age had any influence on the strength relations for the various forms 
and sizes of specimen. The results showed that the earlier ages had 
no influence on these relations and all the remaining tests were made 
at the age of 28 days. 

Great care was taken to insure uniform molding of the concrete. 
A good check of the uniformity was found in the fact that the meas- 
ured and calculated unit weights of concrete were in agreement for 
the different specimens. 

Iron molds were used exclusively. The specimens were wet cured 
for one week after molding and then stored dry in the open air of the 
laboratory until tested. 360 specimens were tested. 

The tests were made in the Concrete and Reinforced Concrete 
Research Laboratory of the Technical University in Budapest, of 
which Professor Dr. Ing. V. Mihailich is the director. 

SERIES OF DIFFERENT SIZE CUBES 

This investigation included 7.07, 15, 20 and 30 em (2.78, 6, 8, and 

12 in.) cubes. The tests were made with the six mixes identified in 
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TABLE 1 
“a , tee eee . _ 
Cube—Strength in Per Cent at Different Edge-Lengths | 
Abrams \ ——— Number 
Sign of Fineness 7.07 Cm. | 15 20 30 | of Test 
Aggregate Modulus (2.78 Inch) | (6) (8) (12) | Repetitions 
A 4.20 | 122.1 | 100.9 100 75.1 ot 
ES] ee an - — = ——| — —— 
B 4.65 | 132.3 98.5 100 7h.8 3 
Cc 5.30 108.5 104.7 100 75.0 "is: 
K 5.39 114.0 | 103.0 | 100 77.8 3 : 
| se) me} es 100 81.3 we 
E | 6.22 ! 104.8 104.8 100 80.1 7 
| 


this paper as A, B, C, K, D, and E. The results of the compressive 
tests are presented in Table 1, in which the value for each size cube 
is expressed in percentage of the 20 cm (8-in.) cube-strength. Thus 
the compressive strength of the 20 cm (8-in.) cube is 100 for all the 
six mixes. The results are grouped in accordance with the fineness 
modulus of the aggregate. At the top of the table we have the mortar 
which had the smallest fineness modulus, and at the bottom the mix 
with the greatest fineness modulus. Except for concrete A where 
only two series were used, the values given in the table are the aver- 
ages of three test series, each being the average of three or four cubes. 
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| 
| Strength of 15x 15 Cm. (6x 6Inch) Square | 
Abrams Prisms in Per Cent Edge-Length : Depth | Number 


Sign of Fineness —_—Seeeenn eee eee of Test 
Aggregate Modulus | <9 £33 | 1:3 Repetitions 
— 120 | 100 ae a... o> ek) e 
z, iB ; 4 65 100 74.9 oe 8 2 asi 
s ££ 5.30 100 73.0 53.2 2 — 
= K 5.39 100 74.8 1 . 


D 5.96 100 62.0 44.2 


t 
to 


E 6.22 , 100 70.3 


te 
Ps 
or 
3) 
to 


The table shows that the compressive strength decreased with 
increasing cube size for all the six concretes. The relations are illus- 
trated in Fig. 3, in which the diagrams are grouped in the same manner 
asin Table 1. A marked difference is noted in these diagrams. For 
concretes of low fineness modulus we have a straight line sloping 
downwards. For a higher fineness modulus the lines assume a dis- 
tinct curvature and the amount of curvature increases with the 
increase in fineness modulus of the aggregate. The most probable 
reason for the straight line changing into a curve in case of gravel 
concretes is the presence of relatively large pebbles in small test 
cubes. The 30 mm (1.2 in.), and in case of concrete E the 50 mm 
(2 in.), pebbles are much too large for the 7.07 and 15 em (2.78 and 
6 in.) cubes, much larger than the maximum size permitted by the 
concrete specifications. 


PRISMS WITH VARIABLE SLENDERNESS 


All the prisms in this series of tests had square cross section. The 
edge dimensions were 15 x 15 and 20 x 20 cm (6 x 6 and 8 x 8 in.) and 
the lengths varied from that of a cube to a column with an edge- 
length ratio of 1:3 for the 15 em (6-in.) prisms and 1:5 for the 20 em 
(8-in.) prisms. 

The test results for the 15 em (6-in.) prisms are presented in Table 2. 
All the six types of concrete were used. The slenderness ratio was 
1:3, except for the K concrete for which only cubes and the 1:2 prisms 
were used. The 15 cm (6-in.) cube was used as the basis of compari- 
son. Average values are given also in this case with the number of 
repetitions shown in the last column of the table. Three specimens 
were used for each series. The results indicate that the compressive 
strength of the 1:2 prisms is approximately 70 per cent of that of the 
cubes for all concretes, though there is a slight decrease in the per- 
centage with increased fineness modulus. The compressive strength 
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TABLE 3 
| Strength of 20 x 20 Cm. (8 x 8 Inch) Square Prisms 

Abrams | in Per Cent Edge-Length : Depth Number 

Sign of Fineness of Test 
Aggregate Modulus 1:1 8:3 1:3 1:4 1:5 tepetitions 

A 4.20 100 57.3 2 

B 4.65 100 59.5 3 

Cc 5.30 100 55.4 50.5 54.7 19.5 2 

K 5.39 100 51.6% 17.1 l 

D 5.96 100 53.1 2 

E 6.22 100 17.9 2 


* 15 Days Old Result. 


of the 1:3 prisms is only about 50 per cent. The decrease of the per- 
centage with increased fineness modulus is also noticeable for these 
prisms. 

Table 3 gives the test results of the 20 em (8-in.) prisms. These 
results indicate a marked difference from those given in Table 2. The 
comparison basis is the 20 em (8-in.) cube. The compressive strength 
of the prisms with a slenderness ratio 1:3 is fifty per cent, just as it 
was for the former group. But while the 15 em (6-in.) prisms with 
1:2 slenderness ratio gave 70 per cent for the compressive strength, 
the loss in strength is now greater. It reaches 50 per cent for the 1:2 
slender-ratio for concretes C and K. 

The test result for concrete K for prisms of 1:2 slenderness ratio 
was obtained at 15 days and agrees with the result for conerete C 
at 28 days. Thus the age seems to have no influence on the relation 
between compressive strength and the form and size of test specimen. 

Columns with 1:5 slenderness ratio were made of concretes C and K. 
On examination we see that the loss of strength with increasing 
slenderness stops at a ratio of 1:2. 

Fig. 4 shows the test results of the 15 em (6-in.) prisms for each 
concrete. The heavy line represents the average of the curves for 
the various concretes. The results of the 20 cm (8-in.) prisms made of 
concrete C are presented in Fig. 5. The dash line connects the aver- 
age test results of the repeated tests and the solid line represents the 
general trend of the prism-strength for increasing slenderness. This 
curve approaches asymtotically a horizontal line. 

Fig. 6 shows the relation between the strength-values of the 15 cm 
(6-in.) cube, the 15 x 15 x 30 and 15 x 15 x 45 em (6 x 6 x 12 and 
6 x 6 x 18 in.) prisms and the fineness modulus of the aggregate. 
The strength values of the 15 cm (6-in.) cubes lie naturally on a hori- 
zontal line, being the basis of comparison. The actual test results 
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of the prisms are connected with dash lines. The general trends 
are shown as solid lines. These trends for both sizes of prisms are 
straight lines sloping downwards with increasing fineness modulus. 
Thus Fig. 6 clearly shows that the decrease in the percentage of 
prism-strength is proportional to the increase in fineness modulus 
when the cube is used as a basis for comparison. 

Fig. 7 shows the results for the 20 em (8-in.) cube and the 20 x 20 x 
60 cm (8 x 8 x 24 in.) prism. The strength results of this prism are 
even closer to the straight line than in the previous case, and the line 
has a definite downward slope. 
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Let us return for a moment to the different size cubes and see if we 
have a similar phenomenon. We find a remarkable behavior of the 
strength relation when we use the 30 em (12-in.) cube, the largest 
one, as a basis for comparison. Fig. 8 presents the relation between 
the compressive strength expressed in percentage of the 30 em (12-in.) 
cube and the fineness modulus. It is noted that the lines for the 
smaller cubes are sloping downwards with increasing fineness modulus 
similarly to the results for the prisms. Furthermore, the slope of the 
strength lines is greater for the smaller cubes. 
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SERIES OF CYLINDERS 

The aim of this series of tests was to compare the compressive 
strength of the cylinders, which are standardized in the U. 8S. A., 
with the strength obtained on 20 cm (8-in.) cubes generally used in 
Hungary. For these tests American standard size cylinders (6 x 12 in.) 
were used. In molding the cylinders the standard methods of the 
A. 8. T. M. Designation C 31-32 were followed. This molding method 
is practically the same as the one which is standardized in Hungary. 
The cylinder investigation included all six kinds of concrete. For 
concrete K, 7 days old cylinders were tested in addition to the results 
of the 28 days old specimens. 


ee 
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Table 4 shows the relation between the cylinder strength and the 
20 em (8-in.) cube strength for concrete K at 7 and 28 days. The 
results are in agreement with those we have already seen for the 
prisms, that is, the age under 28 days has no effect on the strength 
relation for the various forms and sizes of test specimens. The 7 
days, as well as the 28 days cylinder strength is 68 per cent of the 
20 cm (8-in.) cube strength. 

TABLE 4 


Test Specimen’s 


Sign of | Compressive Strength in Per Cent | Number 
Aggregate Age in |— - —— |) -——-— of Test 
Days Cube Cylinder Repetitions 
| 20Cm. (8 Inch) | Diam. 6’, Depth 12’ 
Kk | 7 100 | 67.5 | 
f.m - 


5.39 28 100 68.8 














278 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Jan.-Feb. 1938 


20.«m (8 inch) Cube 


Sx 





+ 









EE 





Compressive Strength 
&s 
T 
L 














| | | 
70 + 
| lag ~ 
| | 655) 
= | — a 
Legend | 
wae e Line Connecting Test Results 
Average Line | 
| | Lak | | 
42 $5 589 $96 622 


65 
Abrams Fineness Modulus 
Fic. 9 


Since age has no apparent effect upon the strength relations, all 
the other tests in this series were made on 28 days old specimens. 
Table 5 shows the numerical results for all six concretes. The cylinder 
strengths are expressed in percentage of the 20 em (8-in.) cube strengths. 
The values for concrete K in this table are the same as in Table 4. 
The results show that the cylinder strength varies between 84 and 
65 per cent of the 20 cm (8-in.) cube strength. We find here the same 
remarkable phenomenon which we noticed before for the prisms, 
that is, strength percentages for the cylinder decrease with the in- 
crease in fineness modulus. The drop is even greater than for the 
prism. While the difference between the strength of concrete A and E 
was 10 per cent for the prisms, it is 19 per cent here. 

The values of Table 5 are plotted in Fig. 9. The continuity of the 
decrease of the percentage values with increase in fineness modulus 
is clearly indicated. 

During these tests the question occurred whether or not the cyl- 
inder strength could be taken equal to the strength of the 15 x 15 x 


TABLE 5 


Compressive Strength in Per Cent 


Sign of Abrams Number 
Aggregate Fineness Cube Cylinder of Test 
Modulus 20 Cm. (8 Inch) | Diam. 6’, Depth 12’ Repetitions 

A 4.20 100 84.0 2 

B 1.65 100 78.3 3 

Cc 5.30 100 75.0 3 

K 5.39 100 68.8 l 

D 5.96 100 73.7 3 


E | 6.22 100 65.2 3 
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TABLE 6 


Compressive Strength in Per Cent 





: Prism Cylinder 
Sign of Abrams Edge-Length, Number of 
Aggregate Fineness 15 Cm. (6 Inch) Diam. 6 Inch Test 
Modulus Depth, Depth, 12 Inch Repetitions 
30 Cm. (12 Inch 

\ 4.20 100 112.4 l 

B 1.65 100 101.5 2 

C 5.30 100 96.2 2 

Kk 5.39 100 101.1 ] 

ID 5.96 100 106.0 2 

k 6.22 100 91.4 4 


30 cm (6 x 6 x 12-in.) prism. The slenderness and size of these two 
test specimens are practically equal, the cylinder being the somewhat 
more slender than the prism. Thus we compared their 28 days com- 
pressive strengths. Table 6 shows these test results for all six con- 
cretes, again expressed in percentage this time with the prism as the 
basis for comparison. The results indicate that the supposition was 
correct, as the compressive strengths of the two test specimens are 
practically equal. The greatest difference was found for concrete A 
where the maximum variation reached twelve per cent. Consider- 
ing that this result was obtained from one single test, and that such 
a wide spread is frequent even in the case of companion specimens, 
this difference is negligible for all practical purposes. Thus we may 
state that the compressive strength obtained from the two different 
test specimens is an equal measure for comparing different concretes. 
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TABLE 7 








. Compressive Strength in Per Cent 
Sign of Abrams |— 





- —__—_ —_—_ —-——_| Number 
Aggregate | Fineness | Prism, Edge-Length : Depth = 1:3 of Test 
Modulus Cube | —_—_—______ —_—_—______ —_——_——_|_ Repetitions 
120 Cm. (8 In.)) Edge-Length 15 20 
| 10 Cm. (4 In.) (6) (8) 
A 4.20 100 84.0 51.3 57.3 2 
B 4.65 100 78.3 54.8 59.5 
C 5.30 100 68.2 53.2 50.5 2 
D 5.96 100 63.4 44.3 53.1 2 
E 6.22 100 59.9 19.3 47.9 4 


In order to study the relationship between strength and fineness 
modulus the test results in Table 6 have been plotted in Fig. 10. A 
slight decrease with increased fineness modulus is now noticed, though 
not to a considerable degree. This small change of the strength 
relation is negligible for all practical purposes and we can state that 
the 15 x 15 x 30 em. (6 x 6 x 12 in.) prism and the American standard 
6 x 12-in. cylinder are equal in strength for all the concretes. 

SERIES OF SQUARE PRISMS WITH 1:3 SLENDERNESS RATIO 

Since there are concrete specifications in which prisms of 1:3 slender- 
ness ratio are standardized, we are including this series of tests in 
our investigation. The Swiss specification includes the 12 x 12 x 36 em 
(4.7 x 4.7 x 14.2 in.) prism as an alternate. The series of tests was 
made to enable us to correlate results obtained on these specimens 
with our own results. The tests extended to those sizes of specimens 
which might be used in engineering practice. The prisms of this 
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series had 10, 15 and 20 em (4, 6, and 8 in.) edge lengths, and the 
tests were made with five different mixes, designated in this instance 
A to FE. 

Table 7 shows the test results of the three kinds of prisms in per- 
centage of the 20 cm (8 in.) cube strengths. We note that the per- 
centage for the 10 em (4-in.) prisms ranges between fairly wide limits. 
The highest value is 84 per cent for mix A and the lowest is 60 per 
cent, which is reached for the highest fineness modulus. The decrease 
in the percentage with increasing fineness modulus is also noticeable 
in the 15 and 20 em (6 and 8-in.) prisms, but to a much smaller degree. 

Fig. 11 shows the compressive strength of each prism expressed in 
percentage of the 20 em (8-in.) cube strength for the different mixes. 
The different mixes follow the same trend although the percentages 
vary considerably. There is a great drop in strength from the 10 em 
(4-in.) to the 15 em (6-in.) size where a minimum is reached with a 
slight rise towards the 20 cm (8-in.) size. Exceptions to this pheno- 
menon are found for concretes C and E which have no low point at 
the 15 cm (6 in.) size, but show further drop, although very little, 
towards the 20 cm (8-in.) prism. The resulting average trend of the 
five concretes is shown with a dash-and-dot line. 

Fig. 12 shows the strength ratios for the 10 and 20 em (4 and 8-in.) 
prisms for different fineness moduli based on the cube strength. A 
linear decrease in the percentage with increased fineness modulus 
is clearly indicated. The dash lines connect the test results and the 
average trend is represented by the solid straight lines. The test 
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values follow very closely the straight line in both cases, especially 

so for the 10 cm (4-in.) prism. Again we have the same interesting 

phenomenon we noticed in the case of the different size cubes, that 

is, the slope of the lines is less for a large than for a small prism. 
SUMMARY 

The results of these tests of plastic concrete containing 270 kg 
per cu. m. (454 lb. per cu. yd.) high-strength portland cement can be 
summarized in the following points: 

1. The age of concrete up to 28 days has no effect on the strength 
relations for the various forms and sizes of test specimens. 

2. The strength decreases with increasing size of the cubes. This 
decrease is linear in case of mortar and oversanded (70 per cent sand) 
concretes. The strength relation changes to a curve for concretes 
with high fineness modulus. 

3. The strength of square prisms decreases rapidly at first with 
increasing slenderness ratio. The decrease for 20 em (8-in.) prisms 
is almost fifty per cent for a slenderness ratio of 1:2. Further drop of 
strength with increasing slenderness is small. For 15 em (6-in.) 
prisms the drop in strength for 1:2 slenderness ratio is only about 30 
per cent, but reaches 50 per cent for 1:3 slenderness ratio. 

4. The compressive strength obtained on American standard size 
cylinders (6 x 12 in.) is about 75 per cent of that of the 20 em (8-in.) 
cube, and for all practical purposes can be taken equal to the com- 
pressive strength of the 15 em (6-in.) prism of 30 em (12 in.) length. 
5. The compressive strength of 10 em (4-in.) prisms with square 
cross-section and 1:3 slenderness ratio is approximately seventy per 
cent of the 20 cm (8-in.) cube strength. For 15 em (6-in.) prisms 
it is only fifty per cent and for 20 em (8-in.) prism only slightly higher. 

6. The strength percentage of both the prisms and cylinders 
decreases with increasing fineness modulus of the aggregate. The 
amount of decrease for equally slender specimens is greater for a 
small than for a larger specimen. 

7. Decrease in the strength percentage with increasing fineness 
modulus is noticeable also for different size cubes if the largest cube 
is the basis for comparison. The decrease is greatest for the smaller 
cubes. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by April 1, 1938. For such 
discussion as may develop readers are referred to the JOURNAL for 
May-June, 1938. 
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Discussion of a Paper by Tibor Gyengo: 


Effect of Type of Test Specimen and Gradation of 
Aggregate on Compressive Strength of Concrete* 


J. E. WARSDALET 


1—The English standard is quoted (p. 269) as requiring 4-in. cubes 
and 6 x 6 in. cylinders. Surely this is incorrect; the Code of Practice 
valls for 6 in. cubes. 

2—No reference is made to the rate of application of load in testing 
the concrete specimens and this, I suggest, is a very important factor. 
Full information on this point would greatly enhance the value of 
the data. 

3—The method of curing the specimens, involving three weeks’ 
drying would, I suggest, cause differences in behavior of specimens 
of varying sizes. Under the conditions of storage the smaller speci- 
mens would be inclined to be drier than the larger ones, and since 
dry and wet concrete have different strengths, some parts of the 
phenomena may be ascribed to this cause. 

4—My calculations of proportions indicate that the aggregates 
A, D and E are outside the “maximum permissible fineness modulus” 
as laid down by Duff Abrams and will not therefore produce “normal”’ 
concrete. 

AUTHOR’S CLOSURE 

1—I drew my data from the English Reinforced Concrete Speci- 
fications found in the German engineering handbook Beton-Kalender. 
It may be the data in the book were not correct, but these data serve 
only for illustration, which show how different the specifications may be, 
and do not touch the essence of the paper. 


*JourNAL Am. Concrete Inst., Jan.-Feb. 1938; Proceedings Vol. 34, p. 269 


tPretoria Portland Cement Co., Ltd., Johannesburg, Union of South Africa, 
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2—The speed of application of load in testing the concrete speci- 
mens was practically the same for all specimens and it was a rather 
slow speed which we use in general practice. 


3—The curing of the specimens for testing concrete for the engineer- 
ing practice according to any of the specifications is independent of 
the size of test specimen. Since the intention of this paper was to find 
comparison values for such test results, all test specimens were sub- 
jected to the same curing. 


4—Aggregate D keeps close to the lower limit curve for the usable 
aggregates prescribed by the German Reinforced Concrete Specifi- 
cations Bestimmungen des Deutschen Ausschusses fiir Eisenbeton 
1932. The proportions of the German limit curves are: 


Grain size Per cent by weight finer than each sieve 
Upper curve Lower curve 
0.2 mm. 17 l 
l 56 8 
3 70 22 
7 80 40 
15 92 63 
30 100 100 


A and E aggregates were used just for completion. 
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Determining Concrete Strength for Control of Concrete 
in Structures* 


By B. G. SkramMTasewt 


MEMBER AMERICAN CONCRETE INSTITUTE 


There are two possible ways of insuring proper control of the 
strength of concrete in a structure. Both are based on some form 
of test to determine the actual strength being produced: (1) Prepar- 
ing specimens simultaneously with the placing of concrete in struc- 
tures and testing these specimens. (2) Determining the concrete 
strength in the completed structure or in individual structural mem- 
bers. 

Generally only the first method is being used, but a successive use 
of both methods is necessary. The determination of concrete strength 
by the use of ordinary specimens is not sufficient owing to the follow- 
ing reasons: 

(a) The conditions of hardening of test specimens (both temper- 
ature and moisture conditions) are not the same as those of conerete 
in structures, particularly in mass concrete construction as well as 
in the case of winter concreting; 

(b) The number of specimens being prepared is far from being suffi- 
cient for every structural member, and a necessity may arise in prac- 
tice of checking the quality of any member; 

(c) The testing of concrete is usually carried out with specimens 
up to the age of 1 month only, lest the number of specimens should be 
unreasonably increased. The amount of further hardening of concrete 
is not determined, but frequently it is necessary to determine the 
strength of concrete in a structure at any age in connection with the 
increase of loads due to alterations, increasing of weight of machines 
*Received by the Institute Nov. 1, 1937 


tManager, Concrete Laboratory of the Central Institute for Industrial Building Research, Moscow 
U.S.S.R 
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ete. Sometimes concrete, due to some causes, doesn’t reach the 
designed strength at the age of 1 month, and there are no spare speci- 
mens left. In such a case the only possibility is to test the concrete 
in the structure. 


The methods of testing normal concrete specimens are developed 
and explained in detail in the Engineering Code for Concrete. Prac- 
tical difficulties in testing specimens occured only for lack of testing 
presses On many jobs. We partially eliminated this difficulty by 
starting the production of our simplest type of machine for testing 
the compressive strength of concrete specimens. The original variant 
of this machine is described in Concrete and Constructional Engineer- 
ing, No. 10, Vol. XXX, 1935. The recent type of our machine is 
shown in Fig. 1. 


The method of testing concrete in completed structures has been 
given far less study. An extensive work in this field has been carried 
out by concrete specialists in the Soviet Union. 


The intensive development of methods for testing concrete in 
structures in USSR dates from 1934, when the method employing 
revolver shots was published (see—~Stroitelnaia Promishlennost, 
No. 3 and 12, 1934). 

No less than 14 different methods of testing concrete in structures 
have been suggested in all countries of the world—10 of them have 
been developed in USSR, chiefly by the Central Institute for Indus- 
trial Building Research and the Institute for Building Research of 
Ukraine. They may be divided into two groups: (1) those requir- 
ing preliminary measures when placing concrete, and (2) those not 
requiring such measures. 

The first group comprises the following methods: 

(1) Embedding forms for specimens into structural members while 
placing concrete. 

(2) Methods of testing vibrated concrete suggested by P. M. 
Miklashevsky. 

(3) Method suggested by Engineer Perfilieff—pulling a round iron 
bar out of concrete. 

(4) Method of Engineer Volf-Gershberg—pulling rods of special 
shape out of concrete. 

(5) Method suggested by Engineer Glouzhqué for determining 
the strength of concrete in mass concrete structures. 

(6) Method of investigators P. F. and A. V. Pavlov—using special 
pincers for cutting out concrete in a specially prepared recess. 
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The second group embraces the following methods: 

(7) Testing concrete by striking it with a chisel. 

(8) Drilling or cutting specimens of concrete out of completed 
structures. 

(9) Method of shooting with a revolver (type Nagan) developed 
by Prof. B G. Skramtajew. 

(10) Method of shooting using a special gun designed by Engineer 
F. Poliakov. 

(11) Use of Brinell method in testing concrete (K. Gaede—Ger- 
many; Williams—England). 

(12) Modified Volf’s method (modification suggested by Professor 
Skramtajew). 

(13) Method developed by the investigators Pavlov, referred to 
under No. 6, but hollowing a recess in the placed concrete. 

(14) Method developed by Professor Nielaender for an indirect 
determination of concrete strength by means of a strain measurement 
in the concrete under load and a determination of the elastic modulus 
of the concrete. 


METHODS REQUIRING PRELIMINARY MEASURES 
WHEN PLACING CONCRETE 

All methods of this group require that the points where the speci- 
mens are to be taken be marked before concrete is placed and when 
concrete is being placed, molds, rods, etc. are embedded in it. A con- 
siderable disadvantage is common to all methods of this group. 

(1) Molds for specimens are placed in a structural member before 
placing concrete. The mold is filled simultaneously with the placing 
of concrete in the structural member. The mold is kept in the struc- 
ture until tested. The molds are generally of planed wood, lubn- 
cated on all sides to prevent sticking. 

Specimens may be 7 cm. cubes for slabs, 10 or 15 cm. cubes for 
columns or beams, 20 or 30 em. for mass concrete. To determine the 
strength of concrete in slabs, small beams, say 7 x 15 x 55 em., may 
be made and subjected to the bending test. In this case the mold 
for a test beam is placed parallel to the principal reinforcement and 
the distributing or lateral reinforcement is to be interrupted. 

To facilitate pulling specimens out of concrete, an iron hook should 
be embedded in them. Similar hooks must be embedded in wooden 
sides of the forms. 

The method presents the following advantage: the specimens have 
the same composition as the concrete in the structure, the same 
method of placing and similar hardening conditions. The specimens 
obtained by this method are tested in the usual manner. 
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The disadvantage of the method is that it is cumbersome; gives 

no possibility of obtaining many control tests and requires the filling 

of large holes after the removal of molds. Owing to this draw-back 

this method is not widely used, but there are no reasons why its use 
should be prohibited. 


This method is to be recommended for the control of concrete being 
placed in winter, since it enables one to secure almost identical tem- 
perature conditions in the structure and in the specimen. The speci- 
men occupies all the thickness of a structural member (as in a slab), 
or a portion of it nearest to the surface and therefore represents the 
most severe exposure from the standpoint of cooling when concrete 
is being placed in winter. 


(2) Miklashevsky Method. This method was suggested as an 
improvement on No. | in applicaton to vibrated concrete. Its devel- 
opment was stimulated by the fact that formerly the control speci- 
mens in vibrated concrete were prepared in a wrong way—either 
rammed or vibrated in a manner and using instruments that did not 
correspond to working conditions of the vibrated concrete. 


To eliminate this drawback, P. M. Miklashevsky suggested the 
imbedment, during the placing of concrete, of collapsible iron pris- 
matic molds with perforated (stamped) side walls. The prism is 
15x 20 x 30 cm. where 15 em. is the height of the prism corresponding 
to the thickness of the layer of concrete compacted by means of 
vibration. Of course, this mold size is not obligatory and may be 
varied according to the depth of layers of concrete being placed. 
The placing of concrete in the mold is performed at the same time 
as the placing of the whole layer of concrete by means of vibrators. 
The holes in the sides of the molds are made to enable the vibration 
to be uniformly distributed through the cement mortar in the strue- 
tural member and in the specimen. As we know, the cement mortar 
and the concrete are converted during the process of vibration into a 
liquid state and transmit oscillations. 


Soon after placing concrete (as soon as the cement begins setting) 
the molds filled with concrete are removed from the member, the 
openings left in the structure are filled with concrete and in 24 hours 
the mold is unscrewed and the specimen is removed from it. Further, 
the specimen is stored under normal conditions, i. e. in wet sand or 
in a damp room, until time of test. To convert the results to the 
equivalent strength on the bases of cubes the compressive strengths 
of the prisms are divided by the coefficient 1.10. 
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Thus, according to this method, the specimens are being cast within 
the structure, but their further hardening takes place under normal 
laboratory conditions. This method is an average between the test- 
ing of concrete in ordinary specimens and the testing in structures. 
The transfer of specimens to normal conditions presents a draw-back 
of the method. It is possible, of course, to try to create for specimens 
hardening conditions approaching those of the structure, but it is 
impossible to obtain perfect similarity. As to the keeping of speci- 
mens with their mold in the structure, it seems to be impossible since, 
owing to the perforated walls, the concrete in the structure and that 
in the specimen are almost an integral mass and there is no possibility 
of removing the specimen. 

The Miklashevsky method is intended chiefly for a control when 
placing concrete in mass concrete structures by means of surface 
vibrators and other types of vibrators. It presents partly the same 
advantages as the method 1, i. e. the identity of concrete in the speci- 
men, and in the structure. For the present there are no other methods 
of preparing specimens of vibrated concrete. 

(3) Perfilieff Method, (Institute for Building Research of Swerdlovsk). 
This method consists in embedding into the structure through the 
openings in the forms, during the placing of concrete, a short 12 mm. 
reinforcing rod to the depth of 15 em., leaving its projecting end (15-20 
em.) above the forms. After the removal of the forms and the harden- 
ing of concrete, the rod may be pulled out at any given time by means 
of a special dynamometer. In the opinion of Engineer Perfilieff there 
is a definite relation between the efforts recorded by the dynamometer 
and the strength of the concrete. This relation may be established by 
means of experiments. 

As a matter of fact this tests the bond between the concrete and 
rods, and not the strength of concrete. It is known from the experi- 
ments determining the bond value, that this value is not in a fixed 
relation with the compressive strength of concrete. The bond strength 
of concrete and steel is very much affected by shrinkage in concrete, 
the hardening conditions, the formation of a water or air space between 
the steel rod and the concrete, etc. The case of an early freezing of 
concrete in winter is a striking illustration of the unreliability of bond 
strength tests. As it has been demonstrated by the experiments 
carried out by 8. A. Mironoff, Engineer, at the Central Institute for 
Industrial Building Research of Moscow, the compressive strength 
of concrete doesn’t decrease very much on freezing (e. g. by 20 to 30 
per cent) while the bond stress decreases materially—70 to 80 per 
cent. 
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Taking into consideration this disadvantage of the Perfilieff method, 
its application cannot be recommended; moreover we have method 
No. 4, developed by Engineer Volf, almost as simple, but providing 
a more reliable test of the strength of concrete itself, and not a test 
of the bond strength between concrete and steel. 


(4) Method developed by I. V. Volf, Engineer (Institute for Build- 
ing Research of Ukraine, Ckarckov). This method has been suggested 
almost simultaneously by I. V. Volf, Ckarckov, and by Engineer 
O. A. Gershberg, Moscow. The difference between this method and 
that proposed by Perfilieff consists in embedding into concrete a 
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specially shaped rod with spherically thickened end (see Fig. 2) 
instead of an even steel rod as in the first instance. Owing to this 
shape the rod is pulled out of concrete together with a cone of the 
concrete (Fig. 3). In this case concrete is simultaneously in tension 
and in shear, the generating lines of the cone running approximately 
at an angle of 45 degrees to the vertical. 


In order to set the rod into the opening in the form, a holder, i. e. 
a flanged coupling is screwed upon the rod (see Fig. 2), and is attached 
to the form by means of screws so that the rod is strictly perpendicular 
to the form. 


The rod is of steel, its overall length is 48 mm., of which 38 mm. are 
embedded in concrete, its throat diameter is 8 mm., and the diameter 
of the spherical end—12 mm. 


In 20-30 hours after the placing of concrete the holder is unscrewed 
from the rod, and a protective coupling is screwed upon it to prevent 
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the rod’s thread from rusting. Just before testing (at any given 
time) the coupling is removed and replaced by a pull-up ring. All 
these operations are shown in Fig. 4. 

The rod is pulled out by means of a special dynamometer whose 
tractive effort is 1-1.5 tons (for ordinary concrete). The dynamometer 
is being strained by a lever or a wheel. It is fixed on a frame consist- 
ing of two posts being in compression during the test and placed 
diagonally on a bearing plate. The bearing plate is supplied with a 
round slot to enable an unobstructed pulling of a cone out of concrete 
(Fig. 5). 

The diameter of the funnel is generally 10-12 em. The rods are 
to be placed in a way to eliminate the influence of the reinforcement, 
i. e. not less than at 6 cm. distant from it. The strength of concrete 
is characterized by a maximum pulling effort P indicated by the dyna- 
mometer. 

Engineer Volf carried out special experiments to determine the 
relation between the concrete cube strength R, and the pulling effort P. 

Until now these experiments were carried out with low strength 
concretes (from 15 to 108 kg. per sq. em) at the age of 1 to 28 days, 
prepared with different aggregates (stone, gravel, brick). It was 
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found that for these concretes there is a direct ratio between P and 
R,. The following average transitional coefficient was obtained: 
[= ’ = 9.5. 

R.. 

The maximum divergence from this average coefficient was +9 per 
cent which shows a great precision of this method. It is not surpris- 
ing, since it is known that there is a more or less definite relation 
between the compressive, tensile and shearing strengths of concrete. 





The experiments with higher strength concretes are still going on. 
After their completion the problem will be solved as to whether the 
coefficient K remains a constant or varies with the strength of con- 
crete. 

Engineer Volf worked out instructions for using this method. 
It is assumed that in the specifications for the concrete the number 
of test points for any structure will be predetermined, and that the 
holes for rods will be drilled beforehand, during the construction 
of the forms. 

The rods may be fabricated in any number in construction shops. 
The rods are not injured by being pulled out and may be repeatedly 
reused. 

The method of Engineer Volf possesses many advantages, namely 
simplicity, availability to every one, precision. Its shortcomings 
are: (1) the general draw back common to all methods of the first 
group, i. e. the necessity of embedding the rods during the placing 
of concrete at previously marked control points and (2) the necessity 
of a subsequent refilling of funnel shaped openings up to 4-5 cm. deep, 
and 11-12cm. diameter. In spite of this the advantages of this method 
are so considerable that it deserves to be widely used. 

(5) Method by P. Glouzhgue (Institute for Hydraulic Engineering 
Leningrad) This method has been suggested for determining con- 
crete strength in mass concrete works, e. g. in hydraulic engineering 
structures. The purpose of Engineer Glouzhgué was to test the 
strength of concrete at any depth in the structure. He justly states 
that other methods e. g. impact methods, Volf’s method, etc. present 
a draw-back of testing concrete only in the surface layer (the most 
deeply by Volf’s method). The hardening of concrete within a mass 
concrete structure takes place under conditions different from those 
at the surface, owing to different temperatures and moisture cycles, 
pressure and conditions of carbonization. 


The method is based on the determination of the shearing strength 
of concrete and consists in embedding into concrete along a vertical 
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line tube sections fixed with clamps as illustrated by Fig. 6. When 
being placed concrete gets into the space between the tubes, but 
doesn’t penetrate inside the tubes, since they are covered with plates. 
A rod passes through these tubes and is attached to the plates. In 
testing, the rod is pulled out by means of a dynamometer, while the 
plates cut out concrete approximatively along the dotted line shown 
in Fig. 6. The experiments carried out by Glouzhgué showed that 
there is a direct ratio between the compressive strength of concrete 
and the breaking force in shearing. The author of the method evalu- 
ates its precision in stating that deviations from the average value 
are + 15 per cent. 

The method developed by Glouzhgué is somewhat cumbersome 
but it is for the present the only method available to determine the 
strength of concrete in the body of structures. 

(6) Method by P. F. and A. V. Pavloff—P. F. and A. V. Pavloff 
suggested the method of testing concrete by means of cutting out 
sections. For this purpose, a small recess (formed by a bar fixed 
to the sheathing) is left near the sheathing. In testing, special pincers 
with a dynamometer are placed in this recess (Fig. 7), by means of 
which pressure is exerted upon the walls of the recess before conerete 
is cut out. In our opinion, this method is inferior to that of Volf, 
since in this case the cutting out of concrete would be somewhat 
uncertain and the equipment for it is more complex that in Volf’s 
method. 

METHODS REQUIRING NO PRELIMINARY MEASURES 
WHEN PLACING CONCRETE 

The characteristic feature and the advantage of the methods of 

this group (distinguishing these methods from those of the first 
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group) is that they may be used for testing the concrete at any point 
and at any time without any preparatory measures or with small 
preparation. 

(7) Testing concrete with chisel blows.—This method is the roughest 
one of all the methods and has been used for a long time in practice. 
The testing is most properly effected by means of a chisel in the case 
where in addition to the concrete being tested there is another concrete 
whose strength is known to be high and which is used for the purpose 
of comparison. The chisel blows are applied to the surface of both 
concretes by means of a hammer, the chisel being placed perpendicu- 
larly to the surface of concrete. Five blows of the same force are 
applied to the same point of each concrete, after which the depth 
of penetration of the chisel is determined and according to it the 
strengths of concrete are compared. If the chisel strikes against 
the stone or the gravel, the test is to be repeated at another point. 
If another concrete, known to be of a high strength, is not available, 
the chisel test may be useful only when being carried out by a very 
experienced specialist. 

In general this test is very rough and unreliable and may there- 
fore be used only in the most extreme cases, in complete absence of 
the equipment for a more exact test. The chisel test is sometimes 
useful in detecting weak spots in concrete, if the quality of concrete 
in the structure has proved to be unequal for any reason. 

(8) Drilling or cutting specimens: out of a concrete (or reinforced 
concrete) structure presents one of the most reliable methods, since 
the specimens will be subjected to ordinary compressive tests. Us- 
ually a roughly shaped specimen is cut out of a structure. This rough 
specimen is to be somewhat larger than finished specimen would be. 
At first the drilling is carried out along the perimeter of the specimen 
by means of a perforator or a slime drill, then the coarse specimen is 
chiselled. After this the specimen is taken into the shop where a 
cube is cut out of it by means of a stone-sawing machine, or a cylinder 
is drilled out of the specimen by means of a diamond head driller. 

The specimen size is to be such that the side of the cube or the 
diameter of the cylinder exceeds three or four times the maximum 
size of the broken stone (gravel) but should be less than the distance 
between steel reinforcing rods. 

Unfortunately, there is as yet no portable machine which might 
be used for drilling specimens from structures, but we are just work- 
ing out the design of such a machine*. There are machines mounted 


_ *See mention of core-cutting equipment report of A. C. I. Committee 107, Job Cured Concrete at 
Early Ages, JourNaAL Am. Concrete Inst., Sept.-Oct. 1936 and Discussion Jan.-Feb. 1937—both in 
Proceedings Vol. 33, p. 41.—Eprror 
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on trucks and designed to drill specimens out of concrete roads but 
it would be difficult to adapt them for the testing of concrete in other 
structures. 

While this method is very reliable, its drawback consists in its 
not being a field method. The specimens are to be taken into a lab- 
oratory for being investigated and tested, which causes delay in ob- 
taining results. The preparation of specimens presents considerable 
difficulties. 

(9) Shooting with a revolver (Type Nagan)—This method was 
suggested by the writer in 1934 and was developed at the Central 
Institute for Industrial Building Research, Moscow. It consists in 
shooting at a constant distance (8 in.) in a direction perpendicular 
to the surface of concrete. Where the bullet strikes the concrete a 
funnel is formed whose size is measured by means of pressing mastic 
into it. Five shots having been fired, an average for the three highest 
results is taken. We have established a relation between the concrete 
strength of the cube and the size of the funnel, which is shown in 
Fig. 8. This method is being widely used in practice, but has draw- 
backs: (a) Difficulties connected with the use of a military type fire 
arm; (b) Insufficient precision, since divergences from actual values 
are of the order of + 25 per cent; (c) Inaccessibility of many points 
for a shooting test, e. g. structural members at a considerable height, 
columns and beams spaced at a small distance between them, floors ete. 

Owing to these draw-backs, it appears that the method will be 
shortly displaced by the methods by Poliakoff, Brinell, Volf, ete. 
described below. 

The Nagan method of shooting has played its part in stimulating the 
development of other methods for controlling concrete in the USSR. 
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(10) Shooting with gun developed by Engineer Poliakoff (Rostov, Don) 
—To eliminate the shortcomings of the Nagan method F. Poliakoff 
designed a special gun (author’s certificate No. 45437, Dec. 31, 1935). 
with a short and smooth barrel which is loaded with cartridges of 
exactly weighed gun-powder charges. A plunger moves in the gun 
barrel with special steel hammer fixed in the piston. The shape and 
the size of the hammer are shown in Fig. 9. To check the precision 
of this apparatus one shoots at a gauge plate of copper or lead. The 
normal depth of hammer penetration is to be 3.75 and 10 mm. 











Fia. 9 


Engineer Poliakoff carried out experiments to check this method 
and presented graphically the relation between the compressive 
strength of concrete and the depth of hammer penetration. The 
author of this method characterizes its precision by a divergence of 
+20) per cent—from actual values. This method requires additional 
verification and perhaps a modification of its details, but the idea of 
shooting such a gun is better than that of the revolver (Nagan 
method) for the following reasons: (a) The gun is put directly 
against the surface of concrete and therefore can be used to test 
concrete at any point of the structure; (b) A gun is much less danger- 
ous than a revolver. 


The final judgment as to the precision and the applicability of this 
method may be passed after its extensive verification. 


(11) Use of Brinell’s method—The Brinell method was suggested 
for testing metal by pressing into it a steel ball under a definite load 
and measuring the diameter or the depth of the imprint. The same 
method was used for testing laboratory specimens of cement mortars 
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and concrete in 1921-23 in USA. by Crebbs and Mills and in 1933 in 
Italy by Professor Vandone. 

The Brinell method of testing concrete in structures was used for 
the first time by Prof. K. Gaede in Hanover (Germany) and was 
published by him in 1934 (see Discussion by K. Gaede and Professor 
Skramtajew in Bauingenieur No. 35 and 36, Vol. 34, and No. 1 and 2, 
Vol. 36). 

Professor Gaede designed a spring apparatus, which presses by 
means of an impact of a constant force (the amount of this force not 
indicated by, Professor Gaede) a steel ball into the surface of concrete. 
The diameter of the bullet used for a low strength concrete is D = 20 
mm., while for a high strength concrete D = 10 mm. 
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After the impact the diameter of the hole (d) is measured. 


Professor Gaede carried out experiments to establish a relation 


d 
between D and the strength of concrete R, in a cube. He found that 
° ! ° d ye . 
there is a regular relation between p and R. (Fig. 10), but divergences 


from actual values may reach + 24 or 33 per cent. The use of Gaede’s 
method is very simple, but has the following draw-backs: (a) Small 
precision, not better than that of Nagan’s method of shooting with a 
revolver; (b) Only the topmost layer of concrete may be tested up 
to a depth of 1.5 to 3 mm., and this surface may have a very different 
strength than that of the inner layers of concrete, owing to the car- 
bonization, the drying of concrete and the rise of laitance to the 
surface of concrete, etc. In other methods (Nagan’s, Volf’s and 
Poliakoff’s) the penetration into concrete is much deeper, from 5 to 
40 mm. 
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In 1936, Williams published in England his method of applying 
the Brinell method to the testing of the concrete strength in structures 
(The Structural Engineer, No. 7, 1936). He suggested a portable 
apparatus similar to a pistol and weighing approximately 1 kg. (Fig. 11) 
In the barrel of this pistol a hammer moves, to which a steel bullet, 
nearly 4mm. diam. is attached. The winding up of this hammer is 
effected by means of a spring which is stretched by a screw up to a 
definite power, read on a dial. Unfortunately, Williams does not 
indicate the tension of the spring. To measure the diameter of the 
bullet’s impress the handle of the pistol is supplied with a measuring 
device, an electrical battery and a small lamp. In testing, the 
pistol is pressed closely to the surface of concrete and a shot is fired. 
It is necessary to fire a series of shots, since the shots hitting directly 
into the broken stone or the gravel are not taken into account. 
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Williams carried out nearly 200 parallel tests of concrete cubes, 
including the tests by his method and the compressive tests. In these 
tests concretes of different ages and strengths were used. The results 
of these tests are given in Fig. 12. The good relation between the 
strength of concrete and the diameter of the imprint is striking. In 
the diagram, 65 per cent of the tests are lying within a strip, with a 
divergence of only + 10 per cent from the average curve. The remain- 
ing 35 per cent of the tests have but a little deviation from this strip. 
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Since there is no difference of principle between the method of Gaede 
and that of Williams, we could not admit that the latter might be 
much more precise than the former. We carried out a series of check 
tests of William’s method at the Central Institute for Industrial 
Building Research in Moscow. For this purpose a pistol with a bullet 
of 6 mm. diameter and a spring having a power of 10 kg. was fabricated. 
Eight hundred tests were carried out and the results showed that the 
divergences from actual values are more than + 50 per cent. 

It is to be noted, that all impact methods of testing concrete (those 
of Skramtajew, Poliakoff, Gaede and Williams) appeared to be very 
rough, their precision being characterized by divergences of = 25 per 
cent and more. 

The method of Williams has the same draw-backs as those referred 
to above in the method of Gaede. In these cases it is not concrete 
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as the whole which is being tested, but only the mortar of the concrete. 
Therefore both methods may be used only for testing concrete with 
hard aggregates. 

Among all impact methods, that of Williams involves the most 
simple apparatus but the method itself is the roughest. 

In the process of the testing by William’s method, we introduced 
the following improvements: (a) Since the measurement of the 
diameter of impress through a magnifying glass is difficult, the con- 
tours of the impress being somewhat indistinct, the bullet stroke is 
to be made through two thin leaves of paper: a leaf of transfer paper 
below and a leaf of white paper above. In this case we obtain a record 
of the test in the shape of a leaf of white paper with holes whose diam- 
eter it will be easy to measure, since their edges appear black. (b) 
The test may be carried out not only at the surface of concrete, but 
also at a depth of several centimeters. For this purpose the surface 
of concrete is to be cleaned by means of a chisel and a place for a bullet 
stroke is to be made even. If concrete is hardened under normal 
conditions, its surface is usually somewhat stronger than the inside. 
On the contrary, when concrete is being placed in winter and is sub- 
jected to the effect of an early freezing, the concrete surface is deter- 
iorated and appears to be weaker than the inside of concrete. 

(12) In our opinion, the Volf method ought to be modified so as 
to be more convenient for testing concrete without any embedding 
of rod while placing concrete. In this case the method of Volf will 
pass into the second group of methods, according to our classification, 
which is accompanied with advantages we have referred to. This 
modification is supposed to be effected as follows: At the point in a 
structure where concrete is to be tested, a hole is drilled, corresponding 
to the depth at which the Volf’s rod would be embedded, and whose 
diameter is somewhat larger than that of the rod. A rod is then 
inserted into the hole and is grouted with a quick hardening, high 
strength mortar. In several days the rod is pulled out by means of a 
dynamometer as in the method of Volf. 

The bond between the mortar and the rod is assumed to be so con- 
siderable that a cone will be torn out of concrete as usual instead of 
the rod or the mortar. In this case the relation between the tearing 
force and the strength of concrete established by Volf, will be main- 
tained. This suggestion needs to be verified. 

(13) In applying the method developed by P. F. and A. B. Pavloff, 
(No. 6) it is possible to hollow a recess in the completed structure 
and then to test concrete in cutting it out by means of pincers. In 
this case the Pavloff’s method will pass into the second group. But 
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in our opinion the hollowing of a recess is little easier than the cutting 
of a concrete specimen out of a structure. Therefore the use of the 
method 8 is more rational. 


(14) The method suggested by Y. A. Nielaender (The Central 
Institute for Industrial Building Research, Moscow) consists in sub- 
jecting a structural member or a structure to the effect of a trial 
load equal to the designed load. Stresses in struts or moments in 
bent members are determined by way of calculation. Stresses, deflec- 
tions and angles of rotation of structural members are measured by 
means of sensitive instruments. (tensiometers, deflectometers and 
clinometers). Moduli of elasticity of concrete for compressed members 


2 
are then calculated directly according to Hook’s law HE =——, and for 
} 
members in bending using the differential equation of a beam: 
M 
y" =— - 
. EI 


On obtaining in this way the modulus of elasticity of concrete, the 
strength of concrete in a prism R,, is calculated from the well-known 
Ros formula: 

E = 550000. Ry, + 150 
Divergences of + 10 per cent from this relation are possible. 
* 

The strength of concrete cubes R, is at an average R, + 075 with 
divergences of + 10 per cent. Consequently, in determining R, in 
such an indirect way, through a modulus of elasticity, divergences 
from the actual values of = 20 per cent are possible. 


The method of Professor Nielaender has the following draw-backs: 
(a) It is the most complex among all methods. It is to be considered 
as a method of testing the entire structure and structural members, 
but not as a method of testing representative portions as a means of 
controlling the concrete strength. (b) The precision of this method, 
namely with respect to the determination of the strength of concrete 
is not considerable and doesn’t exceed the precision of the simplest 
methods of testing concrete in structures. 

(c) In this method the quality at any particular point remains 
unknown, since the whole structural member or the whole structure 
is tested. 

In the presence of cracks or voids in structures considerable strains 
occur; this would give a low modulus of elasticity and a low strength 
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of concrete which would effect the values calculated for the whole 
structure, giving results which do not correspond to actual conditions. 


It is to be concluded, that the method suggested by Professor 
Nielaender is the method of testing structural members or entire 
structures (and a very reliable one); but it isnot a test of the concrete 
strength suitable as a control method. 


CONCLUSIONS 


Among numerous methods of testing concrete in structures, the 
following are to be recommended for a wide use for the present: 


From the first group of methods, requiring preliminary measures 
when placing concrete 


(1)—Embedding molds for specimens into structures, especially 
when concrete is being placed in winter. 


(2)—Miklashevsky,s method for testing vibrated concrete, espec- 
ially in mass concrete structures. 


(4)—Volf’s method—-pulling of special rods out of concrete. 


From the second group of methods requiring no repliminary meas- 
ures when placing concrete. 


(8)—Drilling or cutting of concrete specimens out of structures. 


(9 and 10)—Impact methods by Skramtajew or Polikoff, depending 
on the apparatus available. Both methods are equivalent as to their 
precision and sufficient for rough determination. 


(12)— Modified Volf’s method. 


Finally, it is to be noted, that the first group of methods presents 
a useful addition to the usual control of conerete (by means of speci- 
mens), but provides no complete solution for the problem of controlling 
the strength of concrete in structures. Only the methods of the 
second group permit the determination of the strength of concrete 
at any point of the structure and at any time. 


Unfortunately, the methods of the second group suggested to date 
are less precise than those of the first group. Therefore it is nee- 
essary to use the methods of both groups. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by April 1, 1938. For such 
discussion as may develop readers are referred to the JoURNAL for 
May-June, 1938. 
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Discussion of a Paper by B. G. Skramtajew: 


Determining Concrete Strength for Control of Concrete 
in Structures* 


FRANCISCO GOMEZ-PEREZT 


Mr. Skramtajew’s paper is an example of interesting work in all 
branches of engineering being done in the USSR. The underlying 
idea, namely, testing samples of concrete that have been subjected to 
the very conditions under which the structure has hardened, although 
not new, does not seem to have been given very much attention in 
American technical literature. 

The lack of interest in this phase of the testing technique may be 
due not only to the inherent difficulties it involves, but also on the 
fact that it is not usual in civil engineering structures to make strength 
tests of the constituent materials when already placed in the structure 
itself. The extraordinary disimilarities between curing conditions 
to which structures are probably subject in the USSR and laboratory 
conditions, as regards temperatures, moisture, ete., have undoubtedly 
awakened the interest of Soviet engineers on this matter, that may not 
be so important in other parts of the world. 

However, the writer’s connection with the Commission of Irrigation 
of Mexico, has prompted him to recommend for trial several of the 
methods described in Mr. Skramtajew’s paper. 

The methods which the author classifies in the second group are 
the ones that appeal most to the writer, even though it might be 
interesting to learn from Mr. Skramtajew whether any experiments 
have been made to correlate the surface hardness of concrete as deter- 
mined by the various impact or pressure methods with the permea- 


*Journat Am. Concrete Inst., January-February, 1938; Proceedings Vol. 34, p. 285 
tPresident, Mexican Association of Engineers and Architects, Principal Assistant to the Chief of the 
Designing Department, Mexican National Commission of Irrigation 
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bility of the concrete. If any fairly constant relation exists, those 
methods might find useful application in hydraulic structures, being 
much easier to perform than the usual permeability tests. 


It is the Commission’s practice to use pumped concrete in the upper 
portion of tunnel linings and it is assumed that the Miklashevsky 
method proposed for vibrated concrete might also be used to advantage 
when obtaining samples of the concrete placed by that method in 
such locations, leaving perhaps some easy access in the forms to remove 
the sample obtained in the perforated mold. 


The Glouzhgué method appears to be particularly applicable to 
the case of Angostura Dam, one of those the Commission is now 
building, an arch structure 310 ft. high, where special low heat cement 
will be used. The equipment seems to be rather costly, as it can 
obviously be used only once. 


The Volp method, seems applicable in canal lining, spillway floors 
and the like. The two objections expressed by the author do not 
appear to be serious ones. 


It is hoped that by the time the author’s closure of the discussion 
appears, the tests he refers to, relative to the higher strength con- 
cretes will be either completed or far enough advanced to determine 
the constancy of the coefficient proposed, as the ones already reported 
refer to rather poor concrete: 200 to 1500 p.s.i. It is also hoped that 
by that time the assumption on which the Volp-Skramtajew method 
is based has been verified. 


Another aspect of the testing of the “finished product’ not men- 
tioned in the author’s paper and that the writer has found very seldom 
in the technical literature, is the one related with injected grout. 
It might be interesting to know whether the Soviet engineers have 
developed any methods other than the drilling for cores and testing 
them. 


In commenting on these methods it is proper to keep in mind that 
test cylinders or cubes, depending on the specifications adopted, 
have been so widely used that it is probable that they will continue 
for some time to be the standard reference. 


In Mr. Skramtajew’s paper mention is made of the Engineering 
Code for Concrete, meaning probably the USSR code, and it would 
be interesting to have him or someone of his colleagues comment on 
it in the A. C. I. Journal. 
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Vacuum Concrete* 


By Wiiuram F. LockHarptt 


MEMBER AMERICAN CONCRETE INSTITUTE 


INTRODUCTION 


Tue Vacuum Concrete process is a new approach to the problem of 
obtaining concrete with a minimum water-cement ratio in a practical, 
economical way. Instead of attempting to control the water content 
of the concrete at the time of mixing, the process removes unwanted 
mixing water from the concrete after it has been placed in the forms. 
At the same time the concrete is compacted and its absorption mater- 
ially reduced. This point is important, since removal of water without 
reduction of the water-voids would be of little, if any, benefit. 

As compared to unprocessed concrete of the same initial water- 
cement ratio, vacuum concrete shows increases in compressive strength 
ranging from 40 to well over 100 per cent; absorption, on an average, 
is reduced about 30 per cent. The greatest increases in strength, as 
would be expected, are shown for those concretes which originally 
had the highest quantities of mixing water, but in all cases the improve- 
ment is enough to be impressive. 

The desirability of using a minimum water-cement ratio in concrete 
manufacture is generally conceded. In general, concrete so made is 
stronger, less absorbent, weathers better, has greater resistance to 
wear, and is less affected by sea water and alkaline soils, ete. At the 
same time, despite these admitted advantages of a minimum water 
content in relation to the amount of cement, it is probably safe to say 
that by far the greater volume of all concrete which has been placed 
since Prof. Duff Abrams formulated the water-cement ratio law, has 
been mixed with more water than was strictly desirable from a tech- 

*Received by the Institute Sept. 16, 1937. 

tVice-Pres., Vacuum Concrete Corp., New York, N. Y. 
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nical standpoint, solely because of the physical and economic diffi- 
culties involved in placing ‘‘dry’’ (or low-slump) concretes. 

It may be desirable to review briefly this matter of slumps and 
dryness in concrete. There are, unfortunately, still many practical 
construction men who think of the terms “low slump” and “low 
water-cement ratio” as meaning the same thing, which is by no means 
true. A “dry” concrete is not necessarily one with a low water-cement 
ratio: for example an 8-gallon cement paste (8 gal. of mixing water 
per sack of cement) may be loaded with such a volume of aggregate 
that the resulting concrete has alow slump. This mix, while not suited 
for many purposes, might still have a definite place in the scheme of 
things; its compressive strength might be ample, it would be (where 
easily placed) enonomical because of its lower cement content per 
cubie yard, but it would not be a low water-cement ratio concrete. 

On the other hand, a ‘‘dry’’ concrete might be one whose cement 
paste contained only 5 gal. of water per sack of cement, to which as 
much aggregate had been added as the paste would carry. This 
would be a low-slump, low water-cement ratio concrete. Since the 
amount of aggregate which can be carried by a 5 gal. cement paste is 
obviously less than that which can be added to an 8-gal. paste, (the 
final consistency of the concrete to be the same in both cases) it is 
evident that the former is the more costly concrete as far as materials 
are concerned. It would, however, have high compressive strength, 
low absorption and other desirable qualities associated therewith. 
(It should be understood that in this discussion it is assumed that 
we are dealing with clean, properly graded, and structurally sound 
aggregates, that the time of mixing is ample, and that workmanship 
in placing is such that a homogeneous product results.) 

Reducing the above to terms of field requirements, it is found that 
to neither the 8-gal. nor the 5-gal. paste can there be added the volume 
of aggregate which would produce a no-slump concrete and maximum 
economy in materials. There is always present the necessity for a 
degree of workability which will enable the concrete, with proper 
manipulation, to fill the particular forms in which it is to be placed. 
The forms may be intricate, narrow, deep, filled with reinforcement 
or blocking for openings, or, in the case of architectural concrete, 
studded with plaster molds for ornamentation. This required work- 
ability—which is another way of saying “economy of labor’’—is 
obtained at the sacrifice of economy of materials, and of quality, 
by reducing the amount of aggregate added to the cement paste, 
or by adding mixing water without a corresponding increase in cement 
to maintain the desired water-cement ratio. Since the cement is ‘the 
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Kia. 1 SECTION THROUGH VACUUM SUCTION MAT 


active element in the mix, an increase in the relative cement content 
of the concrete means higher shrinkage, as does also any increase in 
the amount of mixing water. Vibration, a help in placing some of 
the leaner and drier mixes, frequently involves other problems, such 
as the construction of heavier forms. 


HOW VACUUM PROCESS WORKS 


To understand how the vacuum treatment of concrete after placing 
affects the technique of construction, it will be necessary to explain 
in some detail how the process operates. As an aid to a preliminary 
understanding of the general process, it may be stated that the un- 
wanted, or excess, mixing water which is added to concrete solely to 
make it workable, is withdrawn through the agency of suction mats 
connected by suitable means to a vacuum pump. The mats may 
constitute that part of the forms which is in contact with the concrete, 
or, in the case of horizontal or sloping surfaces, the mats may be port- 
able and applied on top of the concrete as fast as it is placed as, for 
example, with floors, roads, or even roofs. 


The construction of the mats varies according to the way in’ which 
they are going to be used, but essentially a mat consists of a tight, 
impermeable backing of rubber, wood or metal, faced on the side 
toward the concrete with a filter fabric behind which are a series of 
channels or passage-ways, through which the extracted water can 
flow to the suction outlet. A typical section through a mat is shown 
in Fig. 1. In the case of rigid forms of metal or wood, the necessary 
waterways are usually obtained by attaching a light expanded metal 
to the face of the form, and then stretching the filter cloth over the 
expanded metal. For floors, and similar horizontal surfaces, flexible 
mats have many desirable qualities, and for these mats strips of sheet 
rubber, about 3 by 10 ft. are used, a type of surface pattern being sel- 
ected which will provide the required passageways for the water with 
drawn from the concrete. The patterned surface of the rubber is 
covered with the filter fabric, which is cemented to the edges of the 
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sheet. A band of plain rubber around the edges of the mat provides 
a seal and prevents air leakage. 

The vacuum process makes possible the construction of much 
lighter forms than would otherwise be feasible, and at the same time 
simplifies their erection. For example, in addition to the edge seals 
mentioned in the preceding paragraph, intermediate seals can also be 
employed to good advantage in wall construction, so that a form 
panel 3 ft. wide and 8 ft. high might, by the use of cross-seals at two 
foot intervals, be divided (in effect) into 4 mats each 2 feet high by 3 
feet long. Then, as the form is filled with concrete, the vacuum can 
be applied as soon as the concrete has reached the first seal, two feet 
from the bottom of the wall, and at each succeeding two foot lift in 
turn. As the withdrawal of the water changes the concrete from a 
fluid to a solid, it ceases to exert pressure on the forms, with the result 
that the forms need only be strong enough to withstand say a three- 
foot head of concrete, instead of the usual 8 feet. This is graphically 
shown in Fig. 2 in which the reduced pressure on a vacuum concrete 
form is represented by the area of any one of the small triangles as 
compared to the large triangle marked ‘‘Untreated Concrete.’’ With 
slightly heavier studs, it is sufficient to hold the forms in line at top 
and bottom, provided reasonable care is taken in placing the concrete, 
by using either open or “elephant trunk” chutes, to avoid undue 
impact resulting from the dropping of large masses of concrete several 
feet. In this way most, if not all, of the horizontal walers can be 
eliminated, together with the usual tie-wires, form tie-spacers, or 
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Fig. 2—DrIAGRAM ILLUSTRATING REDUCTION IN FORM PRESSURES 
RESULTING FROM VACUUM PROCESSING CONCRETE AS WALL IS FILLED 
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Fig. 3—VACUUM CONCRETE RESIDENCE WALL UNDER CONSTRUCTION. 
NOTE ABSENCE OF WALERS AND BOLTING 
Placing of concrete was started at 11 a. m. and forms were removed at 2:15 p. m. 
Fic. 4—VAcUUM SUCTION MATS IN OPERATION 
Man is standing on concrete poured 20 minutes before. 


bolts. There is then no filling of bolt holes or patching when the 
forms are removed, and the surface of the concrete is uniform in color 
and texture. This method was employed with conspicious success 
for the construction of a concrete residence at Bethesda, Md., last 
winter, as shown in Fig. 3, where the absence of walers and bolts 
will be noted. 

As part of the development of the process, it has been necessary 
to evolve a number of special accessories, among the most important 
of which are the flexible rubber couplings used on the main suction 
line. This line, which runs from the vacuum pump to a manifold near 
the work, consists of light weight steel tubing, each length of which 
is fitted at both ends with the flexible rubber couplings. These 
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couplings, which are self-sealing when the vacuum is applied, obviate 
the need for pipefitters, pipe-threading, and the usual line of flanges, 
gaskets, bolts and pipe fitting tools. In addition, the couplings are so 
designed that a moderate degree of angular movement is possible, 
relieving strains on the line and permitting speedy and inexpensive 
installation. 

USE ON FLOORS 


The operation of the process can best be understood by a de- 
cription of two typical applications—floor finish, and wall construct- 
sion. In the case of floor finish, exactly the same procedure is followed 
as for a “heavy duty” floor following the recommendations of Com- 
mittee 802 of the American Concrete Institute for a 1:1:2 mix and 
not to exceed 5 gal. of mixing water. While wetter mixes can be 
processed successfully, a 5-gal. mix will avoid segregation, and can 
be readily handled and placed. 

It is assumed that the vacuum pump has been located at some con- 
venient point on the job, and connected to one or more headers or 
manifolds on the floor by means of the main suction line of light 
steel tubing previously described. Each manifold provides con- 
nections for six or eight 1l-in. hose lines, leading to the suction mats. 
At the mat end of each hose line is a soft rubber cup, somewhat 
similar to that used by plumbers for clearing clogged drains. A stop- 
cock is located just back of the cup, and is normally closed to maintain 
the vacuum in the line. 

As fast as the finish is screeded off to grade, the flexible rubber mats, 
about 3 x 10 ft., are laid down on it. Each mat has one outlet hole 
in the back, about two feet from one end; over this the suction cup 
on the end of the hose line is pressed and the stopcock opened, where- 
upon the vacuum instantly seals the cup to the mat. Similar mats 
are laid adjacent to and overlapping the “‘seal’’ of the first mat as 
fast as the topping is screeded off and ready for treatment, each mat 
in turn being connected to the pump via its own hose line leading 
to the manifold. Six to eight mats may be operated, for about 200 
sq. ft. at one time. A typical operation is shown in Fig. 4. 

At the end of approximately five minutes, the stopeock on the 
first mat is shut, releasing the cup so that the mat can be picked 
up and moved ahead for immediate re-use. The finish (by actual 
test) now contains just about 3 gal. of water per sack of cement, and 
is so hard that it can be walked upon without leaving an imprint. 
Finishing can be started immediately with a power float. Experience 
has shown that the finish is too hard for hand methods and manual 
floating should not be attempted. 
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Fig. 5—STABILITY OF FRESHLY PROCESSED VACUUM CONCRETE 


Man is standing on 4-in. wall, 2 ft. high, ten minutes after starting to process 6 in, 
slump concrete 


This finish needs no tamping or rolling to compact it. It has been 
found possible to operate with a very high vacuum—20 to 24 in. of 
mercury—so that the mats are subjected to an atmospheric pressure 
of from 1000 to 1500 lb. per sq. ft. during the processing operation. 
In the case of a 7 in. roof slab, placed with an 8-in. slump, this pressure 
compacted the concrete nearly *4 in. When resurfacing an old floor 
or pavement, this pressure results in an excellent bond between the 
new finish and the old base and makes it possible to use a much thinner 
finish than would otherwise be advisable. It is probable, too, that 
the removal of most of the water minimizes shrinkage stresses between 
base and topping which would otherwise be set up as the concrete 
dried out. 

APPLIED TO WALLS 


For wall construction the vacuum may be applied to one side or 
both, depending on the thickness of the wall and the speed desired. 
For walls not exceeding 12-in. thick the time of processing need not 
be more than 20 to 30 minutes, when the forms can be removed for 
re-use, and the surface of the wall given any desired finishing treat- 
ment. Stability of concrete is indicated in Fig. 5. The man is stand- 
ing on a 4-in. wall 2 ft. high, from which forms have been removed 
after 10 minutes processing. Where the filter cloth is applied directly 
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Fic. 6—WALLS OF HOUSE AT BETHESDA, MD., AFTER REMOVAL OF 
FORMS AND BEFORE FINISHING 
Fig. 7—DEMONSTRATION INSTALLATION OF 2 IN. VACUUM CONCRETE 
RESURFACING ON OLD CONCRETE PAVEMENT NEAR ALBANY, N. Y. 


over the metal lath, the concrete will show a faint imprint of the lath 
pattern, softened and smoothed by the intervening fabric. The 
seals which permit processing each lift as placed also show slightly, 
as will be seen in Fig. 6 showing the inside of the walls of the Bethesda 
house immediately after removal of forms. This pattern is removed 
by lightly rubbing with a rubber sponge, or even by brushing the 
surface with a damp dust-brush, which gives a somewhat coarser- 
grained texture than the sponge. 
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Where a smoother surface is required, the metal lath is covered 
with a fine wire-screening before the filter cloth is stretched in place, 
thus providing a firm, plane base for the fabric. Or, if the desired 
surface finish requires that masonite, plywood or equivalent be in 
contact with the concrete, the vacuum may be applied to the opposite 
face of the wall. 


Applied finishes—brush coats and stuccos—may be put in place 
at once with the assurance that they will bond to the wall which is 
still only a matter of minutes old. Excess water in such coatings is 
withdrawn by the relatively dry concrete on which they are applied, 
thus minimizing shrinkage crazing. 


Simple hosing with water at noon and at night seems to be all that 
is required to keep the filter cloth and the mats clean and in good 
working condition. It is important, however, to be sure that the 
fabric is well wet down before the first concrete is placed against it, 
and if it shows signs of drying out between uses, it should be wetted 
again. 


The point is frequently raised as to whether the suction removes 
cement, or water needed for the hydration of the cement. Tests 
have shown that no appreciable amount of cement is removed, and 
observation proves the water in the suction lines generally to be clear 
and colorless. Since not more than two gallons of water are required 
to hydrate a sack of cement, the fact that three gallons are left in 
the concrete (as determined by repeated tests on floor finishes) would 
seem ample assurance on this point, entirely aside from the evidence 
of increased strengths previously mentioned. 


OTHER APPLICATIONS OF PROCESS 


A few applications of the process are described below to illustrate 
the many ways in which it has already been used: 


Resurfacing Concrete Highways: 

In Rhode Island, New York, and Pennsylvania, resurfacing install- 
ations only 2-in. thick have been under traffic for over a year. In 
each case, the surface of the old slab was roughened and grouted 
before the new topping was applied. Inspection fails to indicate 
any loosening of bond between base and new topping. The N. Y. 


State installation, near Albany, is shown in Fig. 7. 
Bridge deck: 

Demonstration installation on north roadway of Queensboro 
Bridge, New York City. Heavy 2% x 2% in. wire mesh fastened to 
the underside of vacuum mats formed grooves in the pavement for tire 
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Fic. 8—“‘SkyHOOK” FORMS HELD IN PLACE ON WALL BY ATMOSPHERIC 
PRESSURE 
Fic. 9—“‘SKYHOOK”’ FORMS IN USE, COMPLETING GABLE END OF HOUSE 
AT RYE, N. Y. 
grip. After one year’s use under what is reputed to be the heaviest con- 
centration of motor traffic in the world, grooves show no signs of wear. 
Burial vaults: 

Reuse of forms several times in one day, and increase in strength 
and density of concrete. Process now in use in plant of Norwalk 
Vault Co., Norwalk, Ohio. 

Cast stone: 

An increase jn strength of 30 per cent and corresponding decrease 

in absorption, with standard cast stone mixes and consistencies. 
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Concrete pipe: 


28-day A. S. T. M. strength requirements exceeded at 7-days by 
50 per cent in several tests using standard forms, mixes and reinforce- 
ment. 

Resurfacing concrete floors: 

New finish, 1 in. thick, applied over old floor after roughening 
and grouting. No sign of loosening under heavy hand-trucking. 
“Skyhook”’ forms: 

House at Rye, N. Y.—6-in. monolithic concrete walls 10 ft. high 
built with two sets of forms 15 in. high using atmospheric pressure 
to hold forms in place. Each set of forms consisted of a pair of panels 
10 ft. long, each with a rabbet on top to receive and hold the bottom 
of the form to be placed above. 

Forms were braced in place on top of the foundation, held in proper 
relation to each other at the top by a suitable spacer-clamp, and 
filled with concrete. Suction was then applied and the second set of 
forms placed on top of those just filled. After concreting, suction was 
applied. Atmospheric pressure then held the second set of forms in 
place on the wall so firmly that the first (bottom) set of forms could 
be released and moved up to form the third course. This course, 
after being concreted, was subjected to vacuum and in turn became 
the holding agent for the second set of forms, after they had been 
released and moved up to form the fourth course, ete., until the 
wall was topped out. 

Irregularities in the surface, form marks, ete., were rubbed down 
as soon as the forms were removed and the wall left with a float finish. 
On completion, the structure was given a brush coat of colored port- 
land cement paint. A laboratory demonstration of the principle is 
shown in Fig. 8; actual job use of such forms is shown in Fig. 9 where 
the gable of the house (Fig. 10) is being concreted. 

Refacing existing walls: 

Wing wall of bridge abutment badly eroded due to excessive weather- 
ing. New concrete varying in thickness from 4 to 12 in. placed, forms 
removed, and concrete finished in one day. Forms used were of the 
type previously described, where subdivision into smaller areas and 
vacuum processing in two-foot lifts made possible much lighter con- 
struction than would have been possible otherwise. Use of atmospher- 
ic pressure to assist in holding forms in place obviated expensive drill- 
ing, bolting, and bracing. See Fig. 11. 

Culverts: 

Culverts of inverted catenary shape, 4 and 6 ft. high concreted, 

vacuum processed and forms removed in 2 hours. Fig. 12. 
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Fic. 10—Houwsk AT RYE, N. Y. BUILT WITH “SKYHOOK”’ FORMS 
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Fic. 11—WING WALL OF BRIDGE ABUTMENT, PROVIDENCE, R. I. 


Concreteing started 9:30 a.m. Forms removed 12:30 p. m. Note absence of usual 
walers, bracing bolting, ete. 


The foregoing list, while by no means inclusive, is suggestive. 
Other applications of the process are being developed by architects, 
engineers, and contractors and will be embodied in projects soon to 
be constructed. 

Further field experience and the continuance of the research work 
now under way will undoubtedly broaden the scope and simplify 
the application of the process. 
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Fic. 12—CuLverts 4 FT. AND 6 FT. HIGH, CONCRETED VACUUM 
PROCESSED, AND FORMS REMOVED IN TWO HOURS 





Fig. 13——-PorTABLE VACUUM PUMP DRIVEN BY GASOLINE ENGINE 


In highway work, where plywood mats are preferable to rubber, 
improvement is anticipated in the matter of obtaining a less conspic- 
uous seal which will at the same time effectually prevent air leakage. 
No final conclusions have been reached as to mat sizes, but on one 
street project plywood mats 4 by 18 ft. (full width of pavement) have 
been used. 


It is, of course, obvious that a vacuum hardened highway slab 
cannot readily be given a broomed finish. In lieu thereof, grooves 
were formed in the road surface on some of the earlier highway install- 
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ations, by a special metal grill on the bottom of the mat (between the 
filter fabric and the concrete.) While these grooves, which can be 
seen in Fig. 7 have shown a remarkable ability to maintain sharp 
edges under continued heavy traffic, a more desirable surface treat- 
ment would seem to be a non-skid diamond pattern, formed by placing 
a coarse expanded metal (144 x 2% in. diamonds) back of the filter 
cloth instead of next to the concrete. 


Self-supporting structural slabs have so far been processed from 
the top, although the water can be withdrawn more quickly from the 
bottom. However, if the suction mat is to be applied to the floor 
forms, there is strong likelihood of damage to the filter fabric while 
placing reinforcement. In addition, the fabric may adhere to the 
concrete in the two or three day period during which floor forms must 
necessarily be left in place, as compared to the hours or minutes 
ordinarily involved in most uses of the process. 


As yet the maximum depth to which the vacuum is effective in 
removing water quickly seems to be about 12 or 15 in. from the face 
of the mat horizontally or vertically, as the case may be. This, 
however, permits treating practically all types of slabs and floor 
construction. Walls two or three feet thick can be processed by 
applying suction from both sides. 


Some further simplification of the “sky hook’’ forms for dwelling 
construction is indicated, but with such changes this method of wall 
construction should fill a definite need. 


Broadly, however, the work done to date would seem to indicate 
definitely that by removing the water of workability from concrete, 
after the concrete has been placed in the forms, it is going to be feasible 
and economical to make more use of bigh strength concretes than 
heretofore, since, (purely by way of illustration), an 8-gal. cement 
paste, with its greater yield of concrete per sack of cement, may by 
vacuum processing be converted into a 5-gal. concrete after being 
placed in the forms. 


As to the necessarily important matter of costs: No general figures 
applicable to all types of construction can be given, but jobs done or 
estimated to date show that the cost of the process is well within 
practical limits. That is, the cost of obtaining given results by means 
of the process is no more (and in some cases is less) than for methods 
heretofore used, and in many instances additional advantages are 
obtained in the way of better surface finish, higher strength, lowered 
absorption, reduced shrinkage, improved bond, ete. 











Vacuum Concrete 319 


Typical operations where the process apparently justifies itself 
solely on economic grounds, aside from considerations of quality, 
are wall construction where height, length, number of form re-uses, 
or speed are factors; refacing vertical or nearly vertical surfaces 
(retaining walls; dams) resurfacing old concrete pavements; con- 
struction of cast in place culverts; and many precast concrete prod- 
ucts such as special curbing, piles, large diameter pipe, ete. 

In the field of floor finishes, resurfacing with concrete is simplified 
and for new finishes, it is now possible to mix and place a 5-gal. topping 
and after processing have the strength, density and wear-resistance 
of a 3-gal. mix, at competitive cost. 

Resurfacing concrete roads with concrete is made less costly, and 
many objections raised to a 4-in. topping are overcome as the thick- 
ness is reduced to 2 in. 

The process would seem to constitute a distinct addition to the 
field of concrete practice. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by April 1, 1938. For such 
discussion as may develop readers are referred to the JOURNAL for 
May-June, 1938. 
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Discussion of a Paper by William F. Lockhardt: 
Vacuum Concrete* 
JACOB J. CRESKOFFT 


The writer admires Mr. Lockhardt’s restraint in describing the 
Vacuum Concrete process, epitomized by the closing sentence of his 
paper: ‘‘The process would seem to constitute a distinct addition to 
the field of concrete practice.” In the writer’s opinion, the Vacuum 
process is the most important and basic development in the concrete 
construction industry during the last 15 years. Its applications will 
undoubtedly have an important influence on concrete construction 
practice. 

Let us consider, for example, the position of the vacuum process 
relative to future culvert and dam construction practice. Concrete 
culverts and conduits are of two types: box culverts for which 
forms are built and conecreted in place, and factory-cast concrete 
pipe. Each has disadvantages. Formwork for box culverts is ex- 
pensive, and as forms have to be left in place for several days while 
concrete hardens, there is seldom opportunity to re-use them. Con- 
crete pipes are heavy, and costly to transport and place in the ground. 
Any settlement of the ground causes disjointing, permitting silt or 
tree roots to enter and cause obstruction and leakage. 


A cast-in-place Vacuum concrete culvert has distinct advantages. 
It can be built at a cost which is below that of precast-pipe or box 
culvert construction and yet it provides a superior continuous struc- 
ture. Forms are light and inexpensive, because strains can be reduced 
to small fractions of what they would be in ordinary concrete practice. 
The forms may be set, the reinforcement and concrete placed, and 

*JouRNAL, Am. Concrete Inst., January-February, 1938; Proceedings Vol. 34, p. 305 

tConsulting Engineer, Philadelphia, Pa. 
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the forms removed, all within two hours. The same set of forms can 
be used several times in one working day. 

On p. 515 of the March-April, 1938 issue of the Journal of the 
American Concrete Institute, Prof. Roy W. Carlson points out that 
two of the requirements for favorable temperatures in mass concrete 
are: low cement content, and shallow lifts; also, that one of the 
conditions for the prevention of cracking in concrete dams is that 
vertical construction joints be eliminated. 

Vacuum concrete, because of its higher strength, makes possible 
the use of a leaner mix for a specified strength. For best practice, the 
process limits lifts. The spreading out of a day’s output of concrete 
over a larger area will therefore reduce the number of vertical con- 
struction joints to a minimum. 

The two important factors which contribute to shrinkage cracks in 
concrete are: cement content, and the evaporation of the water 
content of the mix in excess of that required for chemical hydration. 
Here again it would seem that the Vacuum concrete, by making possible 
the use of leaner mixes, and extracting the excess water shortly after 
the concrete is poured, should result in a marked reduction of shrinkage 
cracks. 

ODD ALBERTT 

There are many untouched fields for Vacuum concrete. Let me 
suggest one application that soon might be generally utilized—testing 
concrete. 

With the vacuum concrete process, it is possible to make tests for 
the strength of concrete within a few minutes after the concrete has 
been poured, because the relation between the semi-hardened concrete 
by the vacuum concrete process after certain minutes and the fully 
hardened concrete after, for instance, 8 days can be determined 
experimentally. See the advantage for the building inspector. When 
the concrete is poured on the job he takes some of the wet concrete 
puts it in his vacuum concrete testing machine, after a few minutes 
he gets a strength value that multiplied by a certain constant, found 
experimentally, will give the ultimate strength of the concrete mixture. 

AUTHOR’S CLOSURE 

Since the publication of the writer’s paper in the January-February 
issue of the Journal, he has been asked for further information as to 
extent of the improvement effected in the various physical properties 
of concrete, as a result of Vacuum processing after placing, to remove 
the excess mixing water. 


tAssistant Professor in Structural Engineering, Newark College of Engineering, Newark, N. J. 
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A few tests selected from a large number are accordingly submitted 
herewith, these being, the author believes, representative of results 
obtained by the use of the process. It will be noted that a number of 
the specimens are cubes or 6 by 6 in. cylinders, instead of the standard 
6 by 12 in. cylinders. As the purpose of the tests was to show the 
comparative strengths of treated and untreated concrete from the 
same batch, (rather than absolute strengths), the figures are submitted 
as they were received in reports from the various testing laboratories 
without correction for shape or height of specimen. 


COMPRESSION TESTS 
High Early Strength Cement 
6 x 6 in Cylinders. High early strength cement, L. I. sand and % in. gravel. Mix: 1:144:3 plain 


and vacuum concrete. Slump: 2 in. Age at test: 20 hours 
Plain concrete Vacuum concrete 
p.s.i p.s.i 
3270 4740 
2970 4690 
Average 3120 4715 


Vacuum Treatment—51.5% 
5.62 in. Cores, 8.25 in. high, drilled from slabs at 3 days. High early strength cement, L.I. sand and 


%{ in. broken stone. Mix: 1:144:344 plain and vacuum concrete. Slump: 2 in. Age at test: 4 days. 
Plain concrete Vacuum concrete 
p.s.i p.s.i 
4580 6150 
$355 5960 
$437 5902 
Average 4457 6004 
6 x 6 in. Cylinders. High early strength cement, sand and % in. Gravel. Mix: 1:3:6 plain and 
vacuum concrete. Slump: 6% in Age at test —3 days 
Plain concrete Vacuum concrete 
p.s.i p.s.i 
1412 2449 
1388 1794 
1067 2145 
Average 1289 2129 


See also under ‘‘Compression Tests, Light Weight Aggregates—Cinders.” 


COMPRESSION TESTS——-LEAN MIXES 


6x6in. Cylinders. Standard portland cement, sand and % in. gravel. Mix: 1:3:6 plain and vacuum 
concrete. Slump: 64 in. Age at Test: 7 days 


Plain concrete Vacuum concrete 
p.s.i p.s.i 
2020 2750 
2080 2800 
Average: 2050 2775 


Age at Test: 28 days. 


Plain concrete Vacuum concrete 
p.s.i. p.s.i. 
2460 3420 
2280 3500 
Average: 2370 3460 


6 x 6 in. Cylinders. Mix: 1:3:6 and 1:2:4, plain and vacuum concrete. Slump: 1:3:6—64 in., 
1:2:4—7% in. Age at test: 3 days 


1:3:6 Mix 1:2:4 Mix 
Plain Vacuum Plain Vacuum 
p.s.i.° p.s.1. p.s.i. p.s.1. 
1412 2449 1940 2436 
1388 1794 2090 2556 


1067 2145 1965 3205 


Average 1289 2129 1998 2741 
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COMPRESSION TESTS—-LIGHT WEIGHT AGGREGATES 


6 x 6 in. Cylinders. Standard portland cement, fine aggregate 14 sand and 14 fine Haydite: coarse 
aggregate, Haydite. Mix: 1:2:3!4 plain and vacuum treated. Slump: 6 in. 





Age at Test—3 days Age at Test—28 days 
Plain concrete Vacuum concrete Plain Concrete Vacuum concrete 
p.s.i. p.s.i. p.s.i 
1334 2966 3804 
1161 2747 4476 
1209 2768 4029 
Average 1234 2007 2827 4103 


6 x 6 in Cylinders. High early strength cement, sand and cinders. Mix: 1:2:4 plain and vacuum 
concrete. Slump: 6in. Age at test—24 hours 


Plain concrete Vacuum concrete 
Ps. Psi 
207 535 
2¢ ) 4 5 5 5 
Average: 280 545 


6 x 6 in. Cylinders. High early strength cement, sand and cinders. Mix: 1:2:5 plain and vacuum 
concrete. Slump: 3in. Age at test: 3 days. 


Plain concrete Vacuum concrete 
p.s.i. p.s.i. 
702 1095 
634 900 
Average: 668 997 
ABSORPTION 


4 in Cubes. Standard cement, L. I. sand and broken stone. Mix: plain concrete 1:244:5; vacuum 


concrete 1:3:6. Slump: 4 in. Samples placed in boiling water 3 hours and weighed wet; then dried to 
constant weight and weighed dry. Absorption as given is percentage of dry weight 


Plain concrete Vacuum concrete 
per cent per cent 
6.08 4.58 
5.47 4.11 
Average 5.78 4.35 


From tests made on cast stone mixes: 
Mix 1:3%, 7 gal. water per sack of cement. 
per cent 


Plain cast stone 7.6 


Same vacuum processed : 5.6 
2.0 
Mix 1:314, 5.07 gal. water per sack of cement 
per cent 
Plain cast stone vibrated. . 5.7 
Same, vacuum processed. . 1.9 


8 
Note: For the cast stone tests a low vacuum (8 in. instead of 20 in.) was used 


BOND STRENGTH 


6 in. Cubes—1:2:4 mix, 34 in. bar embedded 6 in. Standard portland cement. Age at test: 3 days. 


Max. Load ; Bond Strength Max. Load Bond Strength 
Plain Concrete, p.s.i. p.s.i. Vacuum Concrete, p.s.i p.s.i 
3120 220 5620 397 
2710 192 4320 306 
Average 206 357 
Standard portland cement. Age at test-—32 days. 
Max. Load : Bond Strength Max. Load jond Strength 
Plain Concrete, p.s.i p.s.i. Vacuum Concrete, p.s.i p.s.i 
4300 318 10200 72 
3800 269 5300 375 
Average 294 548 


TRANSVERSE BENDING 
Three sets of tests have been made at various times. The first test was on 6 x 6 in. unreinforced beams 
1:2:4 mix High early strength cement, slump 54 in. Beams broken at 3 days with the following results 
Plain concrete: 290 p.s.i. tension 
Vacuum Concrete: 424 p.s.i. tension 
A second test was subsequently run using two reinforced concrete beams of 1:2:4 mix, ordinary 
cement, 4” slump. Both beams were over-reinforced and over-loaded to produce failure in concrete 
The results were as follows: 
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Plain concrete \ acuum concrete 
Steel stress. . 19000 p.s.i 31300 p.s.i 
Concrete 1160 p.s.i 2120 p.s.i 


A third set of tests was made on over-reinforced slabs, approximately 4 ft. 1 in. by 5 ft. 5 in. by 6 in. 
thick. Mix: 1:144:3 ordinary portland cement, slump 5 in. 


Plain concrete Vacuum concrete 
First cracking a 30,000 Ib 55,000 |b 
Additional cracking 45,000 Ib 70,000 |b 
Failure weee. 35,800 Ib 97,000 Ib 


REDUCED SHRINKAGE 

Shrinkage in concrete is traceable to two factors—(1) original water 
content of concrete and (2) richness of mix (cement content) in the 
order of their importance. Wet mixes shrink more in drying than do 
dry mixes; rich mixes shrink more than lean. 


The removal by suction of the excess mixing water results in the 
equivalent of a dry, ‘“‘no slump” concrete whose shrinkage is reduced 
toa minimum. At the same time, it may be possible in some cases 
(where exposure or wear are not factors) to use leaner mixes with 
Vacuum concrete, because of the greatly increased strength which 
follows Vacuum processing. These leaner mixes shrink less than the 
richer mixes which would otherwise be used. 


Tests on unprocessed cast stone made with 7 gal. per sack showed a 
drying-out shrinkage of .65 in. per 100 ft. Under the same conditions, 
vibrated dry mixes made with 5 gal. per sack showed a shrinkage of 
approximately .52 in. per 100 ft. Vacuum-processed specimens 
showed a shrinkage of .45 in. per 100 ft. 


As a note having a bearing on cost and commercial feasibility in 
connection with Vacuum concrete, Theodore Lind, Superintendent, 
Boudin Contracting Corp., 105 West 40th St., New York, writes in 
connection with the floor finish on the Silver Bullion Depository, 
West Point, N. Y. ‘‘Because of low temperatures, extreme humidity 
in the storage rooms or cubicles, absence of adequate ventilation, 
etc., our first installation of finish placed at ten a. m. one day did not 
set completely until eleven the following morning. The use of the 
vacuum concrete process made it possible to decrease this overtime 
so that pouring at least 33 per cent more finish we are now off the job 
by midnight. The savings in overtime are as much as $200 or more 
per day.”’ 
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Flat Slabs and Supporting Columns and Walls Designed 


as Indeterminate Structural Frames* 


By Henry D. DeweELLT AND Haroxtp B. Hammityit 


MEMBERS AMERICAN CONCRETE INSTITUTE 


THIs paper presenting the results of a study of the practicability 
of treating the design of flat slabs and their supporting columns and 
walls as indeterminate structural frames, was made in connection 
with the formulation of the Uniform Building Code— California 
Edition. 


The study indicates that in buildings of flat slab construction 
designed in accordance with the usual practice in which the interior 
columns are not specifically designed to resist bending moment, the 
load carrying capacities of the lower floors are materially greater 
than those of the upper floors, due to the more rigid columns in the 
lower stories, unless the assumption is made that the floors and columns 
of the building can never be subject to unbalanced loading. 


While it is realized that the treatment of flat slab construction 
as an elastic frame is only approximate, it is believed that the method 
is sufficiently accurate to give a practical basis of design, one that 
will result in a structure more consistent throughout than is obtained 
by the standard methods of design now used. When the structure 
is designed as an elastic frame, variations may be made from some 
of the rigid requirements of the standard methods of design, such as 
variations in width and depth of dropped panels when dropped panels 
are used, diameter and slope of column capitals, size and shape of 
floor panels, including unsymmetrical arrangements thereof, and 
variations in height of stories. 


*Received by the Institute Feb. 1, 1937. _ 
tConsulting Engineer, San Francisco, Calif. 
tConsulting Engineer, San Francisco, Calif. 
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The method is particularly advantageous in the review of existing 
structures for the determination of their load carrying capacities. 

In the formulation of the California code different sections were 
assigned to different committees for study and report. Such report 
having been made by any one committee, it was then edited and 
submitted to the other committees for review. To the committee 
of the Northern California Sections, Am. Soc. C. E. was referred, 
among other subjects, the chapter on reinforced concrete. When, 
early in 1929, that committee began its study of this chapter, the 
tentative specifications of the American Concrete Institute entitled 
“Reinforced Concrete Building Design and Specifications” (E-1A-28T) 
were made the basis of its report. Accordingly, those specifications 
were reviewed in detail. In connection with the portions covering flat 
slab construction, six questions of importance were raised and a study 
of the A. C. I. Specifications failed to find the answers. These 
questions were: 

(1) Do the coefficients for bending moments in the slab, as given in the A. C. I. 
specifications, automatically take care of the cases in which the live loading is not 
uniform over all spans, e.g., the case in which alternate panels only are loaded? 

(2) Do the coefficients for bending moments in the slab, as given in the A. C. I. 
specifications, provide for all ratios of live load to dead load, e. g., the case of un- 
usually heavy live loading? 

(3) Are the specifications of the A. C. I. controlling the sizes of columns adequate 
to take care of the bending moments induced in the columns for ordinary loading, 
i. e., the case of alternate panels only carrying a live load of moderate intensity? 

(4) Are the coefficients for bending moments in exterior panels, as given in the 
A. C. I. Code, sufficient for the case of alternate panels only loaded? 

(5) Is it practicable to provide sufficient rigidity in the exterior columns to allow 
the exterior or end panels to be designed for the same moments as the interior panels, 
and, if so, for what bending moments must the exterior columns be designed? 

(6) Is it necessary for the designer of flat slab construction to follow the rigid 
requirements of the A. C. I. specifications covering thickness of slab, width and 
depth of drop panels, size and slope of column capitals, in order to secure a safe 
design? 

The committee therefore requested the Northern California Tech- 
nical Editor to investigate possibilities of treating the flat slab and 
its supports as a series of elastic frames, taking into account the effect 
of the varying moments of inertia of slab at mid-section, through 
the drop panel, and through the column capital. It was suggested 
that a definite bent be selected which might be regarded as approxi- 
mately typical of actual construction and, if the moment coefficients 
found by the analysis as an ‘elastic frame” for the condition of uni- 
form loading agreed approximately with the coefficients given in the 
A. C. I. specifications, the method of treatment as an elastic frame 
be extended to cover the cases of wide variation in live load, un- 
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balanced live loading, exterior columns, ete. In other words, 
answers might be given to the six questions. The desired study was 
made and reported in detail to the technical committees. As a result, 
there were formulated provisions for designing flat slabs and their 
supports as elastic frames, and these provisions were incorporated 
in the final draft of the proposed building code. 

The following is substantially the text of the report made to the 
technical committees of the Uniform Building Code, California 
Edition, in March, 1929. 

Hereinafter, reference to “‘A. C. I. specifications” without further 
designation, means the Tentative Building Regulations for Rein- 
forced Concrete (E-1A-28T). 


’ 


GENERAL DISCUSSION OF EXISTING CODE PROVISIONS 


All of the six questions could be answered did we have a dependable 
method of analyzing flat slab construction. The reader may be 
reminded that flat slab construction was developed by tests, and 
that the first designs were by empirical rules based on tests. Various 
attempts then followed to put the subject on a rational basis. The 
names of C. A. P. Turner, Dr. H. T. Eddy and John R. Nichols may 
be mentioned among the earlier investigators. 

A summary of the theoretical basis on which the usual flat slab 
specifications are founded is given on page 194 of the 4th Edition of 
“Concrete, Plain and Reinforced” Vol. I by Taylor, Thompson and 
Smulski. 

In general, it may be said that the present text books treat the 
subject on a theoretical basis, but modified by arbitrary and empiri- 
cal factors. Poisson’s ratio is taken into consideration, although the 
correct value of this factor is not known. Credit is given to the con- 
crete in tension indirectly, if not directly, although in the design of 
ordinary slabs and beams, no value in tension is given to the concrete. 

Mention may be made here of the tests on flat slab floors as pub- 
lished in Bulletins 64, 84, and 106 of the University of Illinois, the 
investigations of Messrs. Hatt, Smulski, Lord and Slater, and, in 
particular, the theoretical treatment by H. M. Westergaard, and 
W. A. Slater, ““Moments and Stresses in Slabs’, published in the 
Proceedings of the American Concrete Institute, Vol. XVII, 1921. 
This paper also presents a bibliography of tests on flat slab structures. 
Further reference to Professor Westergaard’s paper will be made later. 
Taylor, Thompson and Smulski’s ‘Concrete, Plain and Reinforced”’, 
Vol. I., gives a treatment of the flat slab by dividing a typical bay 
into component parts as formed by the lines of contraflexure. The 











324 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Jan.-Feb. 1938 


bending moments are then computed for the case of uniform loads 
on these ‘“‘simple structures’’, i. e., an interior or square slab simply 
supported at its corners, the central portions of the column strips 
considered as simple beams, and the column head portion treated as 
a cantilever. The moments thus found are multiplied by a factor 
of about two-thirds, since to quote the text, ‘“The reduction in bending 
moments is justified because the static bending moments do not take 
into account several factors which reduce tensile stresses in flat slab 
construction”’. 

Bending in columns, and the case of slabs of varying spans, are 
generally noted in the text books as requiring special treatment, 
but the reader of such instructions is left to surmise just how he shall 
treat the case. To illustrate: the A. C. I. specifications state (Section 
1001, (d), 

For structures having a width of less than three rows of panels, or in which irreg- 
ular panels are used, an analysis shall be made of the moments developed in both 
slabs and columns. 

Again, in Section 1105, (a), 

The bending moments in interior and exterior columns shall be determined on 
the basis of loading conditions and end restraint. 

And in Section 1105, (b), 

For known eccentric loads or unequal spacing of columns computations of moments 
shall be made accordingly. Wall columns... .. shall be designed to resist a bend- 


WL 
ing moment of 35 ( = 0.0286 WL). 


3: 

Any counter moment due to the weight of the structure that projects beyond the 
column center line may be deducted from the moment computed as just described. 
Resistance to the bending moments shall be divided between the columns immed- 
iately above and below in direct proportion to the values of their ratios of I/h. 


Irrespective of the provisions of the A. C. I. specifications, which 
have in either the same or different form appeared in the “Joint 
Committee” reports, it is believed to be true that few engineers, in 
designing flat slabs, definitely design the interior columns to take 
bending moment. The assumption is made that the limitations of 
minimum size and reinforcement will take care of any bending. 
See Taylor, Thompson and Smulski, Vol. I, 4th Edition, ‘““Concrete, 
Plain and Reinforced”’, pages 308-309. 

The foregoing discussion indicates the uncertainty of the subject 
of moments in slabs and columns. 

ANALYSIS OF FLAT SLAB CONSTRUCTION BY 
‘““ELASTIC FRAME’? METHOD 

The procedure of investigation was as follows: Mr. Hammill 
made the detail calculations on which this report is based, the method 
used being that of least work. 
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The column bays were taken 15 x 15 ft., 20 x 20 ft., and 25 x 25 ft., 
respectively; the story heights 12 ft.; details of slab, drop panel, and 

b. column capital in accordance with the specifications of the A. C. I. 
Code. The analysis was made treating the flat slab and its column 

as an elastic frame, with the assumption that the points of contra- 

flexure of the columns were at mid-height of the column shafts, i. e., 

half way between floor level and bottom of capital above. The var- 

iation in the moments of inertia of the slab at the center of its span, 

through drop panel, and through column capital, was taken care of by 
arithmetical summation, in place of attempting to express this var- 
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iation by formula. These moments of inertia were figured on the 
basis of the actual concrete sections, the effect of the steel being neg- 
lected. 

For convenience, and in accordance with the usual treatment of 
elastic frames, the relation between columns and slabs are expressed, 
in what follows, in terms of their rigidities (K). Thus, the column 
rigidity is the quotient of the moment of inertia of the column divided 


by the length of column, i. e., K, =" The moment of inertia of the 
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upper story column was taken as equal to that of the lower story 
column; therefore, H is the story height. In any actual case, in 
which the upper and lower story columns might be of different mom- 
ents of inertia, I, would be taken as the average of the two columns. 
Similarly, the rigidity of the slab is the quotient of the moment of 
inertia of the slab at center of span, with a width equal to the column 
I, 
spacing, divided by the span, denter to center of columns, i. e., K,= L’ 

In the examples given, the depth and width of drop bear a definite 
relation to the thickness of slab at the center. Any material change 
in this relation would affect the results somewhat. 

The first cases investigated consider uniform live load on all spans; 
this makes the slabs fixed-ended, and independent of column rigidities. 
Subsequent cases treat of live loading on alternate panels, various 
ratios of live loads to dead loads, and various ratios of rigidities of 
column to slabs. 


TABLE 1 MOMENTS IN SLABS WITH UNIFORM LOADING FIXED ENDED SLABS 


Obtained from Structural 


Distance Frame Analysis 

CtoC Column Width Slab A.C. I. 
Columns Capital Drop Thickness | Abutment Center Code 

in Ft. Panel | Inches Moment Moment 

15x15 0.225L 0.40L 5% | .1025WL .0225WL 0227WL 
15x 15 0.225L 0.40L 10% .1021WL 0229WL .0227WL 
20 x 20 0.225L 0.40L 7% .1023WL 0227WL .0227WL 
20x20 | 0O.15L | 0.40L } 7% .099WL .0255WL .0227WL 
25 x 25 0.225L 0.40L 12 .1025WL .0225WL .0227WL 
20x20 | 0.225! 





None | 7% 0972WL .0278WL .0247WL 


MOMENTS IN INTERIOR SLABS AND COLUMNS 

The next problem studied was that of an interior panel of a series 
of floor slabs, in which alternate panels only carry live load. (Fig. 3-6) 
Varying ratios of column rigidities to slab rigidities, and varying 
ratios of live load to dead load were considered. For this condition 
of loading, the columns have points of contraflexure located at mid- 
height of shafts. 

Cases VII to IX, inclusive, cover the drop-panel construction. 
Case X is for slabs without drop panels. 

Case VII—Drop Panel Construction: Bays 15 x 15 ft.; Story Height, 12 ft; 
Diameter of Column Capital = 0.225L; Width of Drop Panel=0.40L; Constant 
Ratio of Column Rigidity to Slab Rigidity; Varying Live Load; Interior Bays 


K. 
only; —-= 0.96. 
oa 7 
Case VIII—-Drop Panel Construction; Bays, 20 x 20 ft.; Story Height 12 ft.; 
Diameter of Column Capital = 0.225 L; Width of Drop Panel = 0.40L; Varying 


— LL 
Ratios K ; Varying Ratios —— ; Interior Bays only. 
x, , 
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TABLE 2—MOMENTS IN SLABS AND COLUMNS 





Jan.-Feb. 1938 











Ratio 
Live Load Maximum Total Positive Moments in Columns 
— Moments in Slabs “Me” 
Dead Load 
1.43 .0279WL 050WL 
2.70 .0291WL .0618WL 
3.63 | .0296WL .0664WL 
4.37 .0299WL .0689W L 





Total Load 


250 Lbs. Sq. Ft. 


| 


| Total Load 








Total Load 


TABLE 3—-MAXIMUM TOTAL POSITIVE MOMENTS IN SLABS 


Total Load 


Ratios 500 Lbs. Sq. Ft. 750 Lbs. Sq. Ft. 1000 Lbs. Sq. Ft. 
Ke D.L as Be D. L. L. L. D. L. L. L. D. L. L. L. 
=, 103 Lbs. 147 Lbs.}135 Lbs. 365 Lbs.|162 Lbs. 588 Lbs.|186 Lbs. 814 Lbs. 

LL |; LL LL LL 
DL = 1.43 | DL = 2.70 DL = 3.63 DL = 4.37 
0.84 0.0303WL 0.0320WL 0.0326WL 0.0331WL 

0.96 0.0292WL 0.0307WL 0.0313WL 0.0316WL 
1.92 0.0267WL 0.0275WL 0.0279WL 0.0281WL 
3.84 0.0248WL 0.0253WL 0.0254WL 0.0256WL 
7.68 0.0239WL 0.0241WL 0.0242WL 0.02412WL 


TABLE 4—MAXIMUM COLUMN MOMENTS 





Ratios 


Ratios LL 


(Mc) IN TERMS OF TOTAL LOAD 


2 DL 

Ke —___—___—_ ——_—_ 

Ks 1.43 2.70 3.63 4.37 
0.96 0.0470WL 0.0586WI 0.0629WI, 0.0653WIL. 
1.92 0.0526WL 0.0653WL 0.0702WL 0.0728WI. 
3 84 0.0562WL 0.0696WL 0.0750WL 0.0777WL 
7.68 0.0581WL 0.0720WL 0.0773WL 0.0802WL 





The above moments are in terms of total load on slab (Dead Load plus Live 
Load). This moment is to be divided between upper and lower story columns, in 
proportion to the rigidity of these columns. The maximum moment to be figured 
in either column would be at the base of the column capital for the lower story col- 
umn, and at the top of floor slab for the upper story column. 


For the case studied (Case VIII) the maximum moment for either column is 
, 
mos ex — 
a¥ic 2 2 ? 
H 


column capital, and H is the story height. 


, where H’ is the distance between top of floor slab and bottom of 


The values of Table 4 are plotted on Fig. 6. BY 
For convenience, the moment coefficients of Case VIII have been worked out in 
terms of the live load only. The results are shown in Table 5. 
These results are shown graphically in Fig. 7. 
Case 1X—Drop Panel Construction; Bays 25 x 25 ft.; Story 
Diameter of Column Capital = 0.225L ; Width of Drop Panel = 


Height 
0.40L; 


12 ft.; 
Varying 


r 


e K. - - se I 
Ratios — ; Varying Ratios 


= = ; Interior Bays Only. 
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Case X—Slab without Drop Panels: Bays 20 x 20 ft.; Story Height, 12 


Diameter Column Capital = 0.225 L 


Interior Bays Only. 


; Varying Ratios 


LL 
; Varying Ratios — 


K, DL’ 


ONLY 














TABLE 5—-MAXIMUM MOMENTS FOR INTERIOR SLABS AND COLUMNS FOR LIVE LOAD 
(Case VIII) 
Ratios Total Positive Maximum Column 
Ke | Slab Moments Moments (Mc-) 
Ke } 
See See ee me i] ee = ee 
0.96 } 0.0335WiL 0.0802W:iL 
1.92 0.0292WiL 0.0895WiL 
3.84 0.0261WiL 0.0955WiL 
7.68 | 0.0245WiL 0,0988W,L 
| 
Note: W: = Total Live Load uniformly distributed on one panel. 


MAX/MUM MOMENTS M. IN INTERIOR COLUMNS 
Monernts in interior Columns for vary- 0.4L 











‘ Me* C WL 
11g Fatios of Live Load: Dead Load and ee aaa ting 
vary(g katios of Coturmp Rigidity: Slab Bending. 
w «Toto! Dead 


Aiigidity (Kei Ks) ard ror arrargerrert of 
Liveload shown on'Harr'and Sector” 
Showing Loadrad. 

Wort :- Slab Rigidity cornputed or7 
Bas/s of Mornernt of lnertia at Mid 
Sectiorr of Slabs. 

Moxy Mornert for which _, 
Column is to be desighied is Me=Wexp 


Lood and Live 
Load on Ponel. 
L= Panel Length. 
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COEFFICIENTS FOR 
Maximum POSITIVE 
MOMENTS /(N Fi00R 
SLABS IN TERMS OF 
ToTraAL Live LoAD ON 
Floor (%) 


‘aw 

Na 

KN WS 
=) 

cy = 


<O *e5 
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39 
Moment Coefficients “C* in Formula M=Ci4t 
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Moment Coetticients “Cin Formula M=C*WL 
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MOMENTS IN EXTERIOR SLABS, WALL COLUMNS AND 
FIRST INTERIOR COLUMNS 


A study was next made of the case of the exterior, or wall panel. 
The particular example chosen for study was similar to that of Case 
VIII, viz, bays 20 x 20 ft. Story height, 12 ft. flat slab with dropped 
panels. Again the point of contraflexure in the columns was taken at 
midheight of the shaft. 


The diagrammatic frame considered is shown in Fig. 3, and in 
Fig. 8. 
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An analysis was first made with uniform load on all spans, in order 
to find the proper values of moment coefficients for dead loads only. 


x . K, 
Such coefficients were computed for four ratios of —. 


Case XI- 


’ 


Drop Panel Construction: 


Bays 20 x 20 ft.; 


\s 


Story Height 


12 ft.: 


Diameter of Column Capital = 0.225 L; Width of Drop Panel = 0.40 L; Varying 


4 


D 


L 


Ra 


2.70 





0.0310WL 
0.0274WL 
0.0252WL 
0.0239WL 


LI 
ge ag 


DL 








—$—$ $5 








Ratios ite 


2.70 


——$$ | 


0.0581WL 
0.0646WL 
0.0697WL 
0.0722WL 


Ratios — ; Varying Ratios 
s 
Ratios 

Ke 
Ke 1.43 
0.96 0.0293WL 
1.92 0.0264WL 
3.84 0.0248WL 
7.68 0.0237WL 
Ratios 
Ke 

Ke 1.43 
0.96 0.0468WL 
1.92 0.0527WL 
3.84 0.0562WL 
7.68 0.0582WL 
Ratios 

Ke - 

Ke 1.43 
0.96 0.0335WL 
1.92 0.0310WL 
3.84 0.0294WL 
7.68 0.0287WL 
Ratios 
Ke 

Ke 1.43 
0.96 0.0459WL 
1.92 0.0509WL 
3.84 0.0538WL 
7.68 0.05544WL 


: I 
Ratios — 


2.70 
0.0348WL 
0.0317WL 
0.0299WL 
0.0289WL 


pete, bt 
Latios DL 


2.70 


0.0570WL 
0.0631WL 
0.0668WL 
0.0687WL 


DL 
| 


3.63 


0.0316WL 
0.0277WL 
0.0254WL 
0.0240WL 


TABLE 7—MAXIMUM COLUMN MOMENTS 


0.0623WL 
0.0701WL 
0.0748WL 
0.0775WL 


LL 
DL 


3.63 


0.0354WL 
0.0320WL 
0.0301WL 
0.0290WL 


TABLE 9—MAXIMUM COLUMN MOMENTS (Mc) 


3.63 


0 0611WL 


0.0678WL 
0.0718WL 
0.0738WL 


lable 9 gives the momentge in slabs and columns for live load only 


TABLE 6—TOTAL POSITIVE SLAB MOMENTS AT CENTER OF SPAN 


4.37 


0.0319WL 
0.0279WL 
0.0255WL 
0.0241WL 


0.0648WL 


0.0728WL 
0.0777WL 
0.0505WL 


TABLE 8—TOTAL POSITIVE SLAB MOMENTS AT CENTER OF SPAN 


4.37 


0.0357WL 
0.0322WL 
0.0302WL 
0.0290WL 


4.37 
0.0635WL 
0.0704WL 
0.0744WL 
0.0768WI. 


- 
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Max. Mornerd leit 
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C sCoe/Vicient 
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Table 14 gives the moments, in terms of live load only, for exterior slab, wall 
column, and first interior columns. 
The results are shown graphically in Fig. 7. 


TABLE 10—MAXIMUM MOMENTS FOR INTERIOR SLABS AND COLUMNS FOR LIVE LOAD 


ONLY \ 
Case X ° f 
bidet ’ | cad $$ - oa 
Ratios Total] Positive Maximum Column 
Ke Slab Moment Moments (Me) 
Ka | 
0.96 0.0375WiL 0.0780WiL 
1.92 0.0332WiL 0.0865WiL 
3.84 0.0307WiL 0.0915WiL 
7.68 0.0293W:iL 0.0942WiL 





Note: W: = Total Live Load, uniformly distributed on one panel, 
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TABLE 11—TOTAL POSITIVE SLAB MOMENTS—EXTERIOR PANEL 
. LL 
| Ratios Ratio DL 
, Ke pai ee ER Aas Pade are F2 
Ke 1.43 2.70 3.63 4.37 
} 0.48 0.0378WL p.0388WL 0.0392WL 0.0394WL 
0.96 0.0328WL 0.0335WL 0.0338WL 0.0339WL 
1.92 0.0281WL 0.0286WL 0.0288WL 0.0289WL 
3.84 0.0258WL 0.0262WL 0.0263WL 0.0263WL 
TABLE 12—-MAXIMUM WALL COLUMN MOMENTS (Muwe) 
<a i 
Ratios Ratios DL af 
Ke — _——— : a, 
Ks 1.43 2.70 3.63 4.37 r 
0.48 0.0682WL 0.0706WL 0.0715WL 0.0720WL " 
0.96 0.0823WL 0.0841WL 0.0846WL 0.0850WL ‘4 
1.92 0.0900WL 0.0914WL 0.0920WL 0.0923WL } 
3.84 0.0954WL 0.0962WL 0.0967WL 0.0970WL j 


TABLE 13—-MAXIMUM COLUMN MOMENTS (Mci) FOR FIRST 


LINE OF INTERIOR COLUMNS 


=. 


2S 


— 
—- 





: . LL 
Ratios Ratios DL ; 
Ke ic cies i 
4 Ke 1.43 2.70 3.63 4.37 
rt -08 amadiied asecmeaes . : | 
0.48 0.0473WL 0.0548WL 0.0575WL 0.0590WL L; 
0.96 0.0536WL 0.0632WL 0.0670WL 0.0690W L 5 
1.92 0.0580WL 0.0692WL 0.0735WL 0.0760WL VY 
3.84 0.0596WL 0.0722WL 0.0770WL 0 O795WL By 
aa 
i 
TABLE 14—LIVE LOAD MOMENTS (CASE XI) of 
a 
Ratios : oe : . 13 
. Maximum Positive Maximum Moment Maximum Moment . 
.. » Moment in in a Jolumn in First ; 
K M in Wall Col F 
Ks Exterior Slab Mwe Interior Column 7 “ 
: : : nines a 
0.48 0.0408WiL 0.0760WiL 0.0684WiL , : 
0.96 0.0348WiL 0.0873WiL 0.0818WiL 
1.92 0.0295WiL 0.0941WiL 0.0908WiL 7 
3.84 0.0267WiL 0.0981WiL 0.0960WiL A) 
Note: W: = Total Live Load, uniformly distributed, on one panel. " 


The corresponding “abutment moment” for the case of uniform loading (fixed 
ended slabs) is 0.1023 WL. Table 15 shows, then, that the negative moment at the 
first line of interior columns is increased over the uniform load moments for interior 
panels by the following percentages. 


= 


—- 


es ee ae 
oO —=-5 


—* 
Ratio: _ 
atios 7 


0.48 0.96 1.92 3.34 


22% 12)9% 119% 614% 


——— 


The average increase is about 13 per cent. 





ee 
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DISCUSSION OF RESULTS OF COMPUTATIONS 

It is pertinent to bring to the attention of the reader that the slab 
and column moments listed in the preceding pages as ‘‘maximum 
moments” are not the absolute maximum moments. The absolute 
maximum positive slab moments would result from the arrangement 
of loading shown in Fig. 9. This highly improbable arrangement of 
loading would give maximum slab moments of from 31 to 41 per cent 
greater than the moments in the preceding tables. The absolute 
maximum column moments would result from the loading shown in 
Fig. 10. The relation between these absolute maximum column 
moments and the maximum moments given in the tables of the 
preceding pages are approximately as shown in Fig. 11. 


TABLE 15—MAXIMUM NEGATIVE MOMENTS OVER FIRST LINE OF INTERIOR COLUMNS (Ma) 





Ratios a 


0.48 0.96 
0.1245WL 





1.92 3.84 





0.1150WL | 0.1140WL 0.1090WL 








Note: These moments are the negative slab moments in the exterior panels, over the first line of 
interior columns, and are resisted by the negative slab moment of the first interior panel, and the 
moments in the first imterior columns. 

The relation of these various moments are shown in Fig. 2. 
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Fig. 10 and 11 are taken from a paper by W. M. Wilson and F. E. 
Richart, “Moments in Columns and Girders of Building Frames 
Due to Vertical Loads’’, (Engineering and Contracting, Jan. 28, 1920.) 


For analysis of moments in slabs and columns of interior panels, 
including an abstract of Westergaard’s paper, see ‘‘Concrete, Plain 
and Reinforced” by Taylor, Thompson and Smulski Vol. I, 4th 
Edition, pages 196-198. 


Referring to the table in the preceding reference, it is seen that, 
for the case of c/L = 0.225, Westergaard’s coefficient for total positive 
moment is, by interpolation, 0.35. In other words, the theoretical 
total positive bending moment, when Poisson’s ratio equals zero, is 


me 
— 


aor 


e \2 
0.35x1/8 WL ( 31 ) = 0.315 WL. Since Poisson’s ratio has actu- 


ally a real value, and for the other reasons (see reference), it seems 
logical that the coefficient (1/8 = 0.125) of the total theoretical mo- 
ment (sum of positive and negative moments) should be arbitrarily 


0.09 


reduced to .09, or by the ratio 01257 0.72. Applying this reduction 


factor to Westergaard’s coefficient for total positive moment for 
uniformly loaded interior panels, when the ratio ¢/L equals 0.225, 
this moment coefficient becomes 0.72 x 0.35 x 1/8 (1-24x 0.225)? = 
0.0227. This coefficient is exactly the same as that which one obtains 
from the specifications of the A. C. I. for two-way reinforcement, for 
interior panels fully continuous. Jt therefore seems reasonable to 
assume that the A. C. I. coefficients for total positive moment for interior 
panels should be used only for the case of uniformly loaded panels. Our 
investigations of the case of flat slabs with dropped panels, uniformly 
loaded, when analyzed as elastic frames also give the same coefficient. 





=e 


\ 
} 


aes: 


ee 
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ee 
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With this agreement in mind, it seems equally reasonable to assume 
that the treatment of the flat-slab construction as an elastic frame, 
in which full account is taken of the effect of the varying moments 
of inertia of the slab, drop panel, column capital, and column shaft, 
will be equally reliable for determining the moments due to unbal- 
anced live loading. In support of this view, see the last paragraph, 
page 462, of the paper by H. M. Westergaard and W. A. Slater. 

In this paper, Westergaard presents an analytical treatment of the 
vase of unbalanced loading in interior panels. On pages 451 and 452 
he gives diagrams summarizing his computations. These diagrams 
show the values of the total positive moments for floor panels carry- 
ing loads of unequal intensity, i. e., alternate panel carrying loads 
of the same intensity, with the intermediate panels carrying a load 


SSS ae ee 
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of lesser intensity. The ratios of those two intensities, W,/W, varies 
from 0 to 1.0. The higher value is, of course, the case of uniform 
loading over all the panels. Two conditions of end fixity of the slabs 
are covered; (1) the case of rigid columns and (2) the case of column 
capitals free to turn. (An actual structure will obviously lie between 
the two extremes). If, then, in any case, we know (1) the relative 
rigidity of column and slab, we may enter these diagrams and find 
the theoretical positive slab moment. 


A definite example was taken (Case VIL, = 0.84; Live Load 
8 

814 lb. sq. ft.) For this case the maximum positive center moment 
had already been found to be 0.033 WL, for unbalanced loads; and 
for uniform loads or fixed ended conditions, to be 0.0225 WL. The 
maximum center moment was then computed on the assumption 
that the column capitals were free to turn, giving a moment coefficient 
of 0.074 WL. From these three values, the degrees of rigidity of the 
column and of the slab were found. With these degrees of rigidities 
determined, Westergaard’s diagrams were entered with the proper 
ratio of loads, and the corresponding coefficient for bending moment 
extracted. This coefficient, when reduced by the factor of 0.72 (since 
Westergaard’s diagrams are based on a value of zero for Poisson’s 
ratio), is 0.0308, and is to be compared with the value of 0.0330, as 
found by the “elastic frame” analysis. The difference is 71% per cent, 
which may be considered as a reasonable agreement. 

Reference to the results found for Case VIII, shows that the co- 
efficient for positive slab moment in interior panels varies from 0.0239 

K, LL, 
to 0.033, depending on the ratios > and =~ an increase of from 10 
K, DL 

to 45 per cent over the coefficient of the A. C. I. Code 


Application of Curves for Column Moments to Specific Example 


K. LL 
K, ’ DL 
moment coefficients in slabs and columns, and the sizes of columns 
that might be expected by the application of this method of analysis 
to an actual case, the example illustrated in Fig. 12 is presented. 
The following conditions are assumed: 


In order to give an idea of the ratios , the resulting 


Interior Panel—20 x 20 ft. 
Slab Dead Load.............. 135 lb. per sq. ft. 
CMOS ogo c bin suk pee ce 365 Ib. per sq. ft. 


L.L ' 
Ratio 2.70 Total 500 lb. per sq. ft. 
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Fic. 12—TypicaAL EXAMPLE OF COLUMN SIZES RESULTING FROM 
, APPLICATION OF MOMENTS OF FIG. 7 


Thickness of Slab.............. 10 In. 

Combined thickness of Slab and Drop Panel = 15 In. 

Reinforcement of Column............ 4 per cent of Core Area 

BOOOE PONG TAGE 65556 ck cs Seeds 20 x 20 ft. x 500 lb. = 200,000 Ib. 
Second Story 

Diameter of Column...... Taree F | 

Diameter of Column Core... ’ . 22 In. 

Maximum Column Load = 248,000 Ib. 

Column Load = 175,000 lb. (One half panel only loaded) 


K,. 
— = 1.88 
K, 
9.5 
Moment Coefficient = 0.0655 x 14 x 12 = 0.0259 


Column Moment = 0.0255 x 200,000 lb. x 20 ft. = 104,000 Ib. ft. 
Maximum f, (Moment and Direct Load) = 948 p.s.i. 
First Story 

Diameter of Column.... a mie" 

Diameter of Column Core 24 In. 

Maximum Column Load = 448,000 lb. 

Column Load = 302,000 Ib. (One half panel loaded) 


K. 
~ (First Story Column) = 2.66 
The 

K, 2.66 + 1.88 
Average — =; = 


c — 


to 
to 
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; 2.66 9.5 
Moment Coefficient = 0.066 x - ——/¢ —— = 0.0906 
2.66 + 1.88 12 
Column Moment = 0.0306 x 200,000 lb. x 20 ft. x 12 in. = 1,470,000 lb. 
Maximum f, (Moment and Direct Load) = 1000 p.s.i. 


The preceding computations are based on a maximum f, in direct 
compression in the column of 850 p.s.i., assuming a concrete with 
ultimate strength of 2500 p.s.i. at 28 days. 

The allowable stress in bending (f.) by the A. C. I. specifications 
is 0.45 f.’.. The proposed Uniform Building Code, California Edition, 
would reduce this to 0.40 f.’.. For a 2500 lb. concrete, then, f, for 
bending would be 1000 p.s.i. The allowable maximum stress for a 
combination of bending and direct compression would be between 
850 p.s.i. and 1000 p.s.i. 

It is of interest to find the relation of stresses in the column due to 
direct compression and to bending, and from these to determine 
the allowable combined unit stress. Considering the second story 
column, the stress due to direct loading for the arrangement of loading 
producing maximum moment is 320 p.s.i. The combined stress due 
to direct load and bending is 948 p.s.i.; therefore the increased stress 
due to bending is 948 —320= 628 p.s.i. The allowable combined stress 
may be then computed as follows: 

628 

—— x 1000 = 663 p.s.i.—Bending Stress 

948 

320 


948 x 850 = 287 p.s.i.—Direct Stress 


950 p.s.i.—Allowable Combined Stress 


The effect of the bending considered in the columns has therefore 
been to increase the sections of the columns which would be required 
for direct load only, from 19 in. to 25 in., in the case of the second 
story column, and from 25 in. to 27 in., in the case of the first story 
column. It appears, therefore, that the necessary increase in column 
sizes would disappear in the first story of a four story building. 

A calculation for the exterior columns shows that a 24 x 24 square 
column, with 1.75 per cent longitudinal reinforcement and lateral 
ties, will be required in the second story. The direct load is 151,000 
lb., the bending moment at base of capital is 1,800,000 lb. in. and the 
maximum fiber stress is 880 p.s.i. For the first story, a 26 x 26 square 
column, with 1.70 per cent longitudinal reinforcement, and lateral 
ties is required. The direct load is 272,000 lb. the bending moment is 
1,920,000 lb. in. and the maximum fiber stress 810 p.s.i. 

It is believed that the usual methods of design would neglect bend- 
ing in the interior columns. If, then, the sizes of the second and 
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first story interior columns be taken as determined by direct loading 
only, and the bending moments of this report imposed on them, the 
computed maximum fiber stress in the second story column is found 
to be 1730 p.s.i., and that in the first story column 1150 p.s.i. 


While the bending moments from which these stresses result are 
high, it has already been pointed out that it is possible to have bending 
moments approximately 35 per cent higher, if the arrangement of 
loading be that of Fig. 10. On the other hand, it may be argued that 
the arrangement of loading on which the above computations were 
made (See Fig. 6), which requires that alternate panels in the building 
be entirely vacant, and also that the loads in any loaded tier of panels 
be continuous in a direction normal to the plane of bending are not 
likely to be obtained. However, unless only alternate panels are loaded 
in this direction, the bending moments of Fig. 6 will exist for alter- 
nate columns. It thus becomes a matter of judgment as to the 
severest arrangement of loading that must be used for design. 


The effect of the interior column rigidities on the maximum positive 
bending moments in the slabs will next be noted, for the two cases 
(a) in which the second and first story interior columns are 25 and 27, 
respectively, and (b) in which the second and first story columns are 
19 and 25 respectively. 

Case (a) 
Second Story 


N. 
— = 1.88 c for Slab = 0.0276 
K, 

First Story 


c - ‘ < > 
Average — = 2.27 c for Slab = 0.0269 
K, 
Variation, 2 per cent: Excess over A. C. I. Coefficient = 22 per cent: 


Case (b) 


Second Story 


K. 
len 0.53 c for Slab = 0.034 (Approx.) 
First Story 
Average = = 1.12 c for Slab = 0.030 


: 
Variation, 13 per cent Excess maximum c over A. C. I. Coefficients = 50 
per cent. 

One conclusion from these figures on slab positive moment coeffi- 
cients appears to be logical, viz., in the buildings of ordinary flat 
slab construction, in which the interior columns are not designed 
to resist bending moment, the load carrying capacity of the lower 
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floors is very materially greater, as far as unbalanced loading is 

concerned, than the upper floors, due to the more rigid columns in 

the lower stories. 
CONCLUSIONS 

We are now in a position to give answers to the six questions set 
forth in the beginning of this report. These answers follow: 

(1) The coefficients for positive bending moments in the slab 
for interior panels, as given in the American Concrete Institute Speci- 
fications (Joint Building Code) do not take care of unbalanced load- 
ing, but are apparently for uniform distribution of loading only. 


(2) Since the coefficients of the Joint Standard Building Code 
for positive bending moments in the slabs do not provide for the case 
of unbalanced loading, it is obvious that they do not cover the cases 
of various ratios of live load to dead load. 

The investigation made shows that the relative rigidity of columns 
to slabs has a much larger influence on the positive slab moments 
than does the ratio of live load to dead load. 


(3) The specifications of the Joint Standard Building Code do not 
properly provide for the bending in the interior columns, induced 
by unbalanced loading. 

(4) The percentages of increase of the coefficients for positive 
bending moments in the exterior panels over those for interior panels 
of the Joint Building Code (twenty-five per cent) result in resisting 
moments sufficient for the bending moments induced by the more 
usual live loads. However, the investigation shows that when the 
interior panels have been properly designed for unbalanced loading, 
the same slab and reinforcement may be used for the exterior slab, 
with a resultant deficiency of less than four per cent. 

(5) The studies made show that it is practicable to provide suffi- 
cient rigidity in the exterior or wall columns to allow the exterior 
panel of floor slab to be designed for the same moment as the interior 
panel. 

The bending moment for which the wall column must be designed 
in order to give the rigidity required to make exterior and interior 
floor panels the same, depends upon the relative rigidities of the 
column and slab, and the ratio of live load to dead load. The maxi- 
mum bending moment in the wall column will not exceed a This 
maximum moment may be reduced by any counter-moment due to 
eccentricity of wall loads; and, in any event, this moment is to be 
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resisted by the two columns, upper and lower, at the floor under 
consideration. 


(6) The studies indicate that the designer of flat-slab construction 
may depart considerably from the rigid and specific requirements 
of the Joint Standard Building Code. Variations may be made from 
that code in depth and width of dropped panels, including omission 
of dropped panels, size and slope of column capitals, thickness of 
slab, lengths and arrangement of spans, and size and shape of floor 
panels, provided that the design will stand a detailed analysis by 
the “elastic frame” method. 


As a result of the investigation of flat slab construction just de- 
scribed, the final draft of the Uniform Building Code California 
Edition, as submitted to the Executive Committee of the Code in 
the autumn of 1933, provided for two definite methods of design 
of flat slab construction. The first method, termed ““Method A”’ 
was that of the A. C. I. specifications, except that the positive slab 
bending moments were increased to take care of unbalanced loading; 
the second method, termed “Method B” was that of the elastic 
frame. The following extracts from the Building Code are of interest. 
Method B. 


(a) General. Flat slabs, either with or without column capitals, and with or 
without dropped panels, may be designed by treating such slabs, together with their 
supporting columns and walls, as elastic frames, in accordance with the loads and 
unit stresses of this Code, and as more specifically described in the following para- 
graphs: 


(b) Description of Method. The building in each direction, shall be considered 
to be divded into bents, formed by a pair of exterior columns, one at each end of 
the bent, the intervening line of interior columns, and the connecting continuous 
floor slabs one floor bay wide. Each of these bents, or a portion thereof, shall be 
considered to constitute an elastic frame and the bending moments and shears in 
such elastic frame shall be determined by a proper alaysis which shall take into 
account all variations of moments of inertia of members. 


(c) Assumptions. The following assumptions shall be made: 
1. All joints of columns and slabs are rigid. 
2. The change in length of a member due to direct stress is equal to zero. 
3. The deflection of a member due to internal shearing stress is zero. 


(d) The arrangement of live loads shall conform to the provisions of paragraph (a) 
of Section 26A4. [Note Section 26A4 reads in part as follows: “Effect of Load in 
Adjoining Stories: When the construction is such that the structural elements 
thereof act together in the nature of an elastic frame due to their continuity and 
rigidity of connections and when the live load is greater than the dead load, the 
effect on the structural elements of any one story, of live loads in adjoining stories, 
shall properly be taken into account in the design; but the assumed simultaneous 
arrangement of live loading on all floors of the various stories need not be more 
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severe than that giving similar alternately loaded and unloaded spans in each floor, 
and corresponding alternately loaded and unloaded vertical tiers.”’] 


(e) Size of loaded area. In the analysis of each elastic frame or bent, whether 
longitudinal or transverse, the load per linear foot of any span shall be the product 
of the width of the floor bay, in a direction normal to the bent, by the full unit dead 
load, in the case of unloaded spans, or the sum of the full unit dead and live loads, 
in the case of loaded spans. 


(f) Bending moments in slabs and columns. The following conditions shall govern 
the computations for bending moments in slabs and columns. The span of slabs 
shall be taken center to center of columns and the height of columns as center to 
center of floor bay. Dropped panels and column capitals, when present, shall be 
considered to be parts of the floor slab, and the moments of inertia of the floor slab 
varied accordingly. The effect of the varying moments of inertia throughout the 
span shall be taken into account in the analysis to obtain the bending moments and 
shears; the method used may be approximate to the extent of replacing integrals 
by summations, the span being divided into short lengths, such that the moment 
of inertia may be considered constant throughout each short length. 


(g) Allowable Reduction of Negative Slab Moments. The negative slab moment 
found at the center line of a support may be reduced forty (40) per cent. This 
reduced moment shall be applied at the principal design sections for negative mom- 
ents as defined in paragraph (c) of Method A. (Note: These are the column and 
middle strips of the standard construction). 


(h) Division of Moments. The positive and reduced negative slab moments 
found shall each be so divided between the column strip and the middle strip, that 
the column strip moments shall be respectively, in the same ratio to the middle 
strip moments as the corresponding moments of Method A. 


(i) Submission of Calculations. Full details of the calculations shall be submitted 
to the Building Inspector at the time of submitting plans. 


DISCUSSION OF BUILDING CODE REPORT 


Although nearly eight years have passed since the studies on flat 
slab design just described were made, the results are, we believe, 
as important today as they were in 1929. The latest Building Regu- 
lations for Reinforced Concrete, (A. C. I. 501-36T) omit the speci- 
fication of a definite minimum bending moment for wall columns 
and provide instead in Section 1108 a general provision reading in 
part, 


The bending moments in the columns of all reinforced concrete structures shall 
be determined on the basis of loading conditions and restraint and shall be provided 
for in the design. When the stiffness and strength of columns are utilized to reduce 
moments in beams, girders or slabs, as in the case of rigid frames, or in other forms 
of continuous construction wherein column moments are unavoidable, they shall 
be provided for in the design. In building frames, particular attention shall be given 
to cases of unbalanced floor loads on both exterior and interior columns and all 
eccentric loading due to other causes. Wall columns shall be designed to resist 
moments produced by 
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(1) loads on all floors of the building, 
(2) exterior bay at two adjacent floor levels, or 
(3) loads on a single exterior bay at one floor level.” 

The language of this provision would include flat slab design al- 
though it would seem that flat slab design might have been specifi- 
cally mentioned since general practice has not in the past required 
interior columns to be designed for bending moment. 

It is perhaps of interest to note that the Code of Practice for the 
Use of Reinforced Concrete in Buildings of the Building Research 
Board of Great Britain specifies for columns supporting flat slabs 
“moments in internal and external columns shall be provided for 
and shall be taken as equal to 50 per cent and 90 per cent respectively 
of the negative moment in the column strip. This moment shall be 
apportioned between the upper and lower columns in proportion to 
their stiffness.” 

Since the moment coefficients for flat slabs of the British Code of 
Practice are the same as those of the A. C. I., the required minimum 
bending moment for an interior column supporting a flat slab with 
dropped panels of standard design is M. = 0.0166 WL. For compari- 
son, the average value of the column moment found in the example 
of this article is M. = 0.028 WL, or about 170 per cent of that of the 
British Code of Practice. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by April 1, 1938. For such 
discusston as may develop readers are referred to the JOURNAL for 
May-June, 1938. 
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Discussion of a Paper by Dewell and Hammill: 
{ 
° . ih 
Flat Slabs and Supporting Columns and Walls Designed i. 
as Indeterminate Structural Frames* te 
K. HAJNAL-KONYIT aM 
The authors have published very useful material on the caleu- i 
lation of flat slabs with many references to American literature. 
They remind the reader that flat slab construction was developed by i 
tests. During the last 20 years many publications have appeared in ’ 
European technical literature with investigations on the moment if 
distribution in flat slabs. It may be of interest to give a few hints : . 
regarding a method by H. Marcus which is very similar to the method 
used by the authors. i ‘ 
Doctor Marcus suggested the calculation of flat slabs as indeter- 
minate structural frames in 1924 in the first edition of his book: 
“Die Theorie elastischer Gewebe und ihre Anwendung auf die Berech- 4 


nung biegsamer Platten.’’ (The Theory of Elastic Networks and its 
Application to the Calculation of Flexible Slabs)ft He improved on 
his first suggestions in a paper published in Beton u. Eisen 1926 Nos. 
19, 20: “Die wirksame Stiitzfliche der trigerlosen Pilzdecken.”’ 
(The Effective Support Area of Flat Slabs.) The essential feature of 
| Doctor Marcus’ method is the assumption of a triangular load distri- 
bution over the column capital with maximum pressure at the edges 
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the consequence of which is a reduction of the effective span of the 
| slab. Based on this publication E. Hunke calculated elaborate i 
f tables for flat slabs with 2, 3 and 5 equal spans and a ratio K,./K, ' 
variable within a wide range. The stiffness of the edge columns is 
assumed to be %, %4 and 1/1 of that of the internal columns respec- it 


*JournNnAL Am. Concrete Inst., January-February 1938; Proceedings Vol. 34, p. 321 
tLondon, England 
tVerlag Julius Springer, Berlin, 2-nd ed. 1932. 
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tively. E. Hunke: ‘‘Momententabellen fiir Pilzdecken, berechnet 
nach dem Niaherungsverfahren von Dr. Marcus.”’ (Bending 
Moment Tables for Flat Slabs Based on Dr. Marcus’ approximate 
method)—Beton u. Eisen 1931, No. 17. 


The best basis of comparison of Mr. Hunke’s values with those of 
Messrs. Dewell and Hamill is their Table 5 (P. 329) for live load only. 


Ratios Positive Slab M Max. Col. Moment 
Ke/Ka ——— “ ene _ 
D. & H. Hunke D. H. Hunke 
“96 0°0335 0°0431 0° 0802 0° 0763 
3°84 0°0261 0° 0333 0°0955 0° 0920 


There is a big discrepancy between the span moments, those ob- 
tained by Dr. Marcus’ method being considerably higher than those 
of Messrs. Dewell and Hamill. With the column moments the differ- 
ence is comparatively small and of the opposite sign. The writer 
cannot find any explanation for this discrepancy and should be much 
obliged if the authors could give a reason for it. 

Attention may be drawn to two further articles on this matter 
by P. Podgajetz: “Die Berechnung der Pilzdecken als  stellvertre- 
tender Rahmen unter Beriicksichtigung der wirksamen Stiitzfliche”’ 
(Calculation of Flat Slabs as Rigid Frames Considering the Effective 
Support Area). Beton u. Eisen, 1931, No. 17, 1932 No. 24. In these 
papers Doctor Marcus’ method is adapted to flat slabs with unequal 
spans, with variable slab thicknesses, with variable support con- 
ditions, without column capitals, with simply supported edges, ete. 
The above variations often occur in practical design and alter entirely 
the bending moment distribution as against flat slabs with equal spans. 
As it is quite impossible to include all these variations in tables, the 
papers by Mr. Podgajetz are of a great help to the designer. The 
writer used these formulas in many cases; his experience in designing 
flat slabs confirms most of the conclusions of the authors especially 
those with regard to bending moments in columns. 

AUTHORS’ CLOSURE 

The discussion by K. Hajnal-Kényi is of interest in that it reports 
a theoretical treatment by the German engineer, H. Marcus, the 
subsequent calculation and publication of working tables by k. Hunke, 
and two articles by P. Podgajetz. 

At the time the authors made their study, the book of Doctor 
Marcus, ‘“‘The Theory of Elastic Networks and its Application to the 
Calculation of Flexible Slabs,’”’ was available to them, but although 
they studied it through the medium of a translation, they were unable 
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to follow the work completely, due principally to unfamiliarity with 
the German. Since reading the discussion by Doctor Hajnal-Kényi, 
the authors have secured from the library of the American Society of 
Civil Engineers the paper by Doctor Marcus published in Beton u. 
Eisen 1926, Nos. 19, 20, entitled ‘““The Effective Supporting Areas of 
Flat Slabs,” referred to by Doctor Hajnal-Kényi; but again their 
lack of knowledge of German, and the absence of an English trans- 
lation, have prevented a full understanding of the methods of Doctor 
Marcus. Without such an understanding, the authors are unable 
to explain the discrepancies between their slab moments and those of 
Doctor Marcus. It would appear, however, that the two methods are 
not similar in all respects, the principal differences appearing to be in 
the assumptions. 


It is pertinent to point out that the positive slab moments of Doctor 
Marcus are considerably in excess of those of the authors and those of 
the A. C. I., and that the column moments of Doctor Marcus are far 
in excess of those of the A. C. I. Compared to the moments developed 
by the method of Doctor Marcus, the excess of the authors’ moments 
over those of the A. C. I. seem comparatively small and should not 
cause the designer particular concern. 


The results of the authors’ studies appeared to be consistent and 
logical throughout the range of cases investigated. Consequently, 
they believe that a design made by this method, even for extreme 
conditions of live loading and special arrangements of panels, will 
give a design that is safe and reasonable. 


John R. Nichols very properly calls our attention to an unfortunate 
error in the upper chart of Fig. 7, page 330. In that chart the vertical 


-, 
scale which represents the ratio Ks should be doubled. The figures of 
s 


Table 5 on the preceding page, which this chart illustrates, are correct. 
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Circular Flat Slabs, With Central Column* 


By Josern A. Wiset 


MEMBER AMERICAN CONCRETE INSTITUTE 


UNDERGROUND tanks and reservoirs, cylindrical in shape, offer many 
advantages from the viewpoint of economy of design and construction. 
A fairly complete treatment of the subject is contained in “Standards 
of Design for Concrete,’’ No. 3Yb., United States Navy Department, 
Section 12. When the diameter becomes large, the roof slab becomes 
too thick unless a column support in introduced at the center. This 
paper presents the analysis and design for such slabs. 

The basie differential equation of the elastic surface is,! 


3 (m? — 1) 


é, Co + c, log r + cor? + 3 7? log r + = pr*....(1) 
16 m? Ehé 
Where & deflection of middle surface of plate, 
r radius to any point 
p = intensity of uniform load 
m Poisson’s number 
hE modulus of elasticity 
h thickness of plate 


While this equation was derived for the homogenous, elastic flat plate, 
it can be used for the reinforced concrete slab, since the theory of 
rectangular flat plates has been so used. Assuming the plate as freely 
supported at the outer edge, (radius R), the boundary conditions are, 


dé, 
r a, &, 0 and — 0) ; 
dr .(2) 
r = R, £, 0 and Or 0 
Where a radius of column capital, 
R outside radius of plate. 


*Received by the Institute Aug. 5, 1937. 
tAssociate Professor of Structural Engineering, University of Minnesota, Minneapolis. 
1F6ppel, ‘Drang und Zwang,” Vol. 1, p. 177. 
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Assuming m = 5, the resultant equations (2) were solved for the 

constants ¢1, C2, ¢; and c, and the radial and tangential moments were 


; a , a ude 
determined for various ratios of — . See Fig. 5 for nomenclature.) 
2 


k 
Since: 
2G @t, 1 dt 
¢=-- x (m' —+-.— 
= ] dr? T dr : 
(3) 
2G 1 dt, .- @&, 
c= 7 - mm. ° + 
m— 1 r adr dy? 
, ’ m BR h 
Where G = ——— and xr 
2(m + 1) 2 
if o, and o; are extreme fiber stresses. 


9 


o, . h? o,. h? 
Also M, =- and M, = — 
6 6 
From these the curves on Fig. 1 to 4 were computed. 
It will be noted that the moments at edge of column capital increase 


very rapidly as “‘a’”’ decreases. This suggests that, in general, it is 
advisable to use a large capital. 
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To illustrate the use of these plates, a typical example is presented: 


Given, R 25’-0”, surface asphalt on deck, 5 p.s. f. Live load, 
2 ee i 3000 p. s. i. 
Assume a 9!” (total thickness) slab, and a capital radius, a = 5/-0". 


In conformity with flat slab practice, the actual radius of capital 
will be made 5’-1'4”", allowing 1'5” edge distance. 
Weight of slab 119 p. s. f. 
Weight of surfacing 5 p. s. f. 
Live load 50 p. s. f. 


p 174 p. s. f. 
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Assuming %4 in. reinforcing bars, and 34 in. protective cover for 
bars, d = 9.5 — 1.125 = 8.375 in. 
pR? = 174 X 25% = 108,750 lbs. 
Load on central column, (from plate 4) 
P, = 1.865 X 108750 = 202,800 lbs. 
In conformity with flat slab practice again, the critical section for 
shear will be taken at a distance d from edge of capital. The radius of 
critical section, a’ is: 
a’ = 5.00 + .70 = 5.70 ft. 


Load on this area is, 
p.m2a™’? = 17800 
Shear at critical section = 185000 lbs. 


Perimiter of critical section is 
b = 5.70 XK 12 XK 2a = 430 in. 
Using v. = 60, 
_ 185000 
430 X % X 60 





= 8.19 in. required 
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Radial moment at edge of capital, 
M, = .146 X 108750 = 15880 in. lb. per in. width. 
(from Fig. 2) 





- Ps ces . ai ‘ 
Since A = 235 (using f. = 1350 p.s.i.) 
L5880 eee , 
d= {= 8.23 in. required. 
235 


Therefore, the thickness selected is satisfactory. 
Radial steel. At edge of capital, 
M, = 15880 in. lb. per in. 
15880 
20000 XK .866 X 8.375 
Perimeter, = 27a = 377 in. 
A, (total) = .1095 & 377 = 41.25 sq. in. 
Therefore we will use 96 = %4 in. round bars. Their spacing at a is 
approximately 4 in. 


= .1095 sq. in. 
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Bond stress at edge of capital, 
P= 202800 
rpa* = — 13700 
V = 189100 
8 
r= — | — —~ = 114 p.s.ii., 
96 X 2.356 X 7% X 8.375 
which is less than the permissible value, u = 150 p.s.i. 
Maximum positive steel is found at r = .7R, or 17 ft.-6 in. from 


center—(Fig. 5). 
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M, = .045 & 108750 = 4900 in. lb. per in. 


4900 : 
i,= os — = ,0334 sq. in. 
20000 x 1% X 8.375 





Perimeter at this point = 1319 in. 
A, (total) = 44.1 sq. in. 
Therefore we will use 100= 34 in. bars. 
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Point of inflection, = .368 «K 25’ = 9.2’ = 9’-214” from center. 
Tangential steel. 
Negative, near column capital. 
M, = .037 X 108700 = 4030 in. lb. per in. (Fig. 3) 
d = 8.375 — .75 = 7.625 


4030 
A, = —$——$—$_—$§——_—— = .0302 sq. in. per in. 
20000 kK % X 7.625 








Therefore we will use 5 in. round at 10 in. This spacing will be 
varied to suit moment curve. 
Positive, ata = .8 (Fig. 3) 


M, = .006 X 108750 = 650 in. lb. per in. 


651 ; : 
A, =- = — = .0046 sq. in. per in. 
20000 &k % X 7.625 


_— 





Therefore 54 in. round at 18 in. (maximum spacing) will provide 
ample steel. 

Point of transition, .53 & 25’ = 13.25’ = 13’-3” from center. 

Fig. 5 shows the resultant design. Generally speaking, this form 
will be found quite economical for slabs of 20 to 50 ft. in diameter. A 
modification, in which the thickness of the slab is varied, would 
extend this range of usefulness. 

In order to make the material in the Standard of Design for Concrete, 
U. 8. Navy, more generally available, the formulas and curves for 
circular flat slabs without a central column are included here. For 
freely supported slabs, using the same fundamental formulas with 
boundary conditions —&, = 0 when r = R and M, = 0 whenr = R, 
and noting that the terms containing logarithms must be omitted 
since &, is finite for r = 0, we get 

M, = .2 p (R? — rr’) 
M, = .1 p 2k? — r°) 
form = 5. The curves for these moments are shown in Fig. 5. Like- 
wise for plates fixed at the outer edge, we get; for m = 5, 
M, = p/40 (3R? — 8r’) 
M, = p/40 (3R? — 4r’) 
The curves for these moments are shown in Fig. 6. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by April 1, 1938. For such 
discussion as may develop readers are referred to the JOURNAL for 
May-June, 1938. 
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Discussion of a Paper by Joseph A. Wise: 
Circular Flat Slabs, With Central Column* 
K. HAJNAL-KONYIT 


Professor Wise’s paper draws attention to an important type of 
structure which was dealt with by the writer and others in a more 
general form ten years ago. The writer gave a general solution for 
circular flat slabs with a great number of columns (as shown in Fig. 7) 
in his book: ‘‘Die Berechnung von kreisférmig begrenzten Pilzdecken 
mit zentralsymmetrischer Belastung”’ (Calculation of Circular Flat 
Slabs for Loads Symmetrical about the Centre){ Circular flat slabs 
with a central column only are confined to tanks with a limited diameter 
which limit is often exceeded in actual structures so that more columns 
are frequently used. With systems, as shown in Fig. 1, tanks of any 
diameter likely to be required can be executed but a still greater 
number of columns can be handled easily with the method already 
worked out. The simplest system to which the writer applied his 
method contains 4 columns. 

Fig. 8 represents the bending moments M, in such a system with 
simply supported perimeter, due to a uniformly distributed load P 


© GROUP X, ACOLUMNS 
© GROUP Xe @COLUMNS 
® GROUP X; 8COLUMNS 
© GROUP X4 4COLUMNNS 





Fig. 7 
*JouRNAL Am. Concrete Inst., January-February 1938; Proceedings Vol. 34, p. 345. 
tConsulting Engineer, London, England. 


tVerlag Julius Springer, Berlin 1929. 
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1} pe ; 
+h over the whole area. The abscissa O denotes the centre of the cir- 
* | cular slab, the abscissa 100 the edge. Columns are assumed at 50 in 
| the middle between centre and edge. The ordinates are to be multi- 
i plied by pR?, i. e. M, = coefficient * pR*. The diagram contains one 
i. 4 T 
q' thin line marked M,y, and three thicker lines marked y = O, Y = a 
ai 2 
r y =. The thin line indicates the bending moments in a system with a 
‘wo ° . . 
Ri circular wall passing through the column sites, the line y = O corres- 
\ ponds to bending moments in radial sections through the columns. 
3 The line Y = x corresponds to section half way between the columns, 
i : a. 3 rT . 
re i. e. at an angle of 45° as against y = 0. y = J are sections at an 
7) ad 
ow ‘ 
TY angle of 22°30’. 
: Mp 
f -.060 
a -.050 
a 
a | -.030 
| -.02 
, 
Lt -.0/0 
; " 
'e 
: +.0/0 
4020 
$; 4.030 
| oe | 
\4 Fic. 8 
i 
ith Similar diagrams in the book show the bending moments M, and 
a: the torsion moments M,, at any point of the whole system. Diagrams 
“a S é £ 
+f with the bending moments in the same system but with fixed perimeter 
eH may also be seen in the writer’s book. 
>* 
+ geil P —" > "0 . ‘ : 
hi The comparison of the coefficients in Fig. 8 with those shown in 
at Professor Wise’s diagrams proves that there is a considerable reduction 
a of the bending moments in terms of pR? when arranging 4 columns at 
4 0.5R as against a slab with a central column, as is to be expected. 
Phy . . ; ‘ ; te 
a The relation of the width of the column capital to the radius is in 
; ° ° 
4 such systems much smaller than in slabs with central columns only and 
taf! can be neglected when calculating the bending moments in the slab. 
i The bending moment lines are correct up to the neighborhood of the 
mil column capitals. Within the column capitals the moment distribution 
i bt 
Bt 
tt 
? 
44 
ny 
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is of no practical importance, it can be obtained, however, without 
difficulty by special investigation. 

It is not possible within this contribution to explain the method of 
solution, only the process of calculation should be indicated. The book 
contains 27 tables from which all numerical coefficients wanted for the 
calculations can be obtained. First of all the column reactions are to 
be calculated by resolving a system of as many linear equations as the 
number of unknowns. The system with 4 columns contains only one 
unknown, if simply supported and 2 unknowns if fixed at the perimeter. 
The system shown in Fig. 7 is 4-times statically indeterminate if 
simply supported, 5-times if fixed at the perimeter. (Columns with 
equal reactions are marked in Fig. 7). 

With the column reactions we obtain the values M,y, Miz. These 
correspond to the bending moments in a system where circular walls 
replace groups of columns. Then the influence of the concentration 
of reactions on single columns instead of walls is to be added for each 
radial section which has to be investigated. 

The method can be applied not only to a uniformly distributed 
load over the full area, but also to any load arranged in rings, circular 
edge loads and even point loads symmetrically distributed about the 
centre. 

The writer assumed Poisson’s number to be infinite. 

In Professor Wise’s paper the lower Fig. 6 contains an error. The 
zero ordinate should be raised by 0.05. The ordinate + .10 should 
read + .05, the ordinate — .05 should read — .10. 

AUTHOR’S CLOSURE 

Dr. K. Hajnal-Kényi’s discussion is exceedingly interesting inas- 
much as it indicates that there is a large volume of valuable literature 
in foreign languages, which has not been made readily available to 
American engineers. 

Concrete is a material which lends itself readily to adaptation to 
many different forms of construction. We have merely scratched the 
surface of its manifold possibilities. I would like to suggest that a 
compendium of analyses and designs for such forms as plates and 
slabs, domes and shells, space frameworks and other similar structural 
forms, condensed from books such as those of Dr. Hajnal-Kényi, 
Marcus, Féppl and many others would be a worthwhile addition to 
the American literature on concrete. 


With reference to the suggestion that a four column support might 
be more economical for the design shown in the original paper, that 
would seem to depend on a number of factors. Four columns would 
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involve more form work, more footings and more material in columns. 
For any specific case a study of comparative designs taking all these 
factors into consideration would be necessary. 

The lower plate 6 of the paper is in error, as Dr. Hajnal-Kényi 
points out; the ordinates at the left hand edge of the diagram should 
read, +.05, 0, —.05, and —.10 instead of +.10, +.05, 0,—.05. Also 
the footnote on p. 345, the first page of the paper should have the 
author’s name spelled “Féppl.” and this footnote also refers to equa- 
tion (3) on the following page. 
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A Reduction Method for the Analysis of Continuous 


Beams and Open Frames* 
By Mrxtos HEetTenyit 


A LOADED span of a continuous structure can be considered as a 
beam elastically fixed at its two ends. The moments occurring at the 
supports are due to flexural resistance of the bars adjoining the loaded 
span on the right and left side respectively. It is seen that these 
adjoining bars can be replaced by other ones or even by one single 
bar which has the same flexural resistance as the respective portion 
of the original structure, and such substitution will not change the 
moment diagram over the loaded span. 


The present paper shows that such substitution can be made by 
simple considerations of statics, provided the frame has not in itself 
recurring portions, that is, closed panels. By this procedure the 
original structure can be reduced to a much simpler one, in general 
to a continuous beam over three spans with the central span loaded. 
Determining on this reduced form the moments at the supports we 
can return to the original structure and distributing the above obtained 
end moments among the adjoining members, the moment diagram 
over the entire structure can be derived. 


Let us consider as a simple example the rigid frame structure shown 
in Fig. 1. First we shall assume that joints A and B remain stationary 
upon application of the load. The effect of joint displacement (side- 
sway) will be considered later. The amount of the moments produced 
at points A and B by the given loading depends only on the elastic 
resistance which bars 1 and 2 on one side and bars 3, 4 and 5 on the 


*Received by the Institute Sept. 10, 1937. 


tWestinghouse Research Laboratories, East Pittsburgh, Pa. The method advanced in this paper was 
first presented by the writer in the Journal of the Society of Hungarian Engineers and Architects, March 
1934, No, 9-10. 
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Fic. 3—SIMPLIFICATION OF REDUCED FORM 








other side exhibit against the rotation of sections A and B. This 
flexural resistance is defined for each bar by the stiffness factor k 
I/l, where I is the moment of inertia and / is the length of the bar, 
and by the manner in which the end of the bar is supported (hinged 
of fixed). Thus the exhibited restraints depend neither 1) on the 
actual values of the J and | quantities, nor 2) on the angle of inclination 
of the adjoining bars to the loaded member. 


From these observations we can conclude that it is permissible to 
alter the type of end support for any unloaded bar, be it hinged or 
fixed, if we change either the length or the moment of inertia of the 
bar in such manner that the stiffness remains the same. Also, we find 
that whole unloaded portions of the system, branching off from a 
loaded bar can be replaced by a single member whose stiffness is the 
same as the respective portion of the original structure. 

Thus in Fig. 1 we can represent by a properly chosen single member 
the stiffness of bars 1 and 2. The group comprising bars 3, 4 and 5 
can be reduced to a single member for the same reason. In this way 
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TABLE A 
IDENTITIES AS REGARDS CONTINUITY 
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TABLE B 
RULES OF MOMENT DISTRIBUTION 
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in place of the original frame of Fig. 1 we get a reduced form which 
will be a continuous beam over three spans, the loaded span retaining 
the same dimensions as before (Fig. 2). Even this reduced form can 
be simplified by transforming it to one with equal spans (Fig. 3a) or 
to one with a constant moment of inertia (Fig. 3b). The moment 
diagram over the loaded center span will be in each case identical to 
the one in the original problem in Fig. 1. Determining M, and Mz, 
moments in one of these simpler forms in Fig. 3a or 3b and distributing 
these moments among bars 1, 2 and 3, 4, 5 respectively we obtain the 
complete moment diagram of the structure. 


It is seen that the procedure consists of two parts. First to reduce 
the original structure to a simpler form and to compute the moments 
over the loaded part in this reduced form. Secondly, to distribute the 
obtained end moments among the adjoining members and to deter- 
mine in this way the entire moment diagram. In order to facilitate 
these steps in the analysis, two tables will be given, comprising 
A) the formulas of reduction and B) the rules of moment distribution. 
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TABLE C 





MOMENTS DUE TO DISPLACEMENT OF SUPPORT 


























avin 
Fe + Li so . 
a — —— 
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Mp 
- 3E% Ie 
Mp AS 1 i,+Ie 
Mur 





“ 24312 
Ma = as * 2 41+ 312 


- Ba [2 
Ma 4S 1? 41,+312 




















The statements of these two tables can be verified by simple statics, 
so their proof will be omitted. 


A—FORMULAS OF REDUCTION 


The figures represent identities regarding flexural resistance against 
Mz, and they can be freely used in order to reduce any rigid frame 
structure to a simpler form. Support A is in the direction of the 
loaded span. 


B—RULES OF MOMENT DISTRIBUTION 


The end moments will be distributed coming from the loaded span, 
that is, from the direction of support A, as shown in Table B. 

By this method of reduction in the general case we shall obtain a 
continuous beam over three spans with the central span loaded. 
When several spans are loaded on the original structure, we must 
resolve the problem into separate cases, considering one span loaded 
one time and obtain the final results by superposition. Thus possibly 
we must compute a number of three-span beams with loads in the 
center span. In order to facilitate this part of the computing work, 
formulas will be given here which can be derived from the well known 
three moment equations, but have the advantage over the latter that 
by changing the position of the load only the a load factors have to 
be computed again. 
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Fic. 5—For DETERMINATION OF @ FACTOR 
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Fic. 6—SuUBSTITUTION FOR BEAM PARTIALLY RESTRAINED AT ONE END 
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Fic. 7—SuBSTITUTION FOR BEAM PARTIALLY RESTRAINED AT BOTH ENDS 











Expressions for the end moments (Fig. 4) 
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Expressions for the a factors: 
1. For concentrated loading (Fig. 5a) 
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2. For distributed loading (Fig. 5b). 


HCY -HEY-CII 
HEY-COME-C | 


For the case when the entire center span is loaded we have from the 








a3 


al 
above expression: d, = a3 = aa 


APPLICATIONS 


1. Any partially fixed beam can be replaced by a continuous beam 
provided the added span has the same elastic effect as that exercised 
by the partially restrained end, With the elastic behavior of the fixed 
end known, it is possible to determine either the length or che moment 
of inertia of the added span after one of the two is assumed to have 
an arbitrary value. To perform this transformation use must be 
made of formula I in Table A, The continuous beam of constant I 
shown in Fig. 6b was derived in this way from the beam shown in 
Fig. 6a. A beam fixed elastically at both ends may be replaced by a 
continuous beam of three spans (See Fig. 7). 





The length of the added span illustrates in each case the elasticity 
of the restraints in the original beam. 

2. The present method will now be applied to the rigid frame struc- 
ture shown in Fig. 8a. The moment diagram due to the given unit 
concentrated load is to be determined. 

The steps in which the method is applied are clearly illustrated in 
the figure. The details of the short arithmetic calculation when 
using the given reduction formulas will be omitted here. First, the 
original frame A is transformed into one B whose members have 
equal lengths to that of the loaded span, and whose columns have all 
hinged supports. Formulas I and II of Table A are used in this 
transformation. 

The transformed frame is then reduced in five steps (see the corres- 
ponding diagrams in Fig. 8a) to a continuous beam over three spans 
with the central span loaded. For these operations formulas III and 
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Kia. 8a—REDUCTION STEPS IN PROBLEM 2 


IV of Table A are used. It is seen that in consecutive steps, requiring 
only the simplest calculation, the entire structure is folded up till we 
obtain the reduced form, a beam over three spans. Transforming this 
beam into one with constant moment of inertia (by using formula I 
in Table A) we can determine the end moments with the aid of the 
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Fic. Sb—MOMENTS ON ORIGINAL FRAME 
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Fic. 9—REDUCTION STEPS FOR PROBLEM 3 


previously given expressions. These moments are then distributed 
by retracing the steps in the reduction process. 

The rules given in Table A must be utilized to accomplish this. It 
should be noted here that the moments at the joints of the transformed 
frame B (whose members are of equal length) are identical to those at 
the joints of the original structure. 

The final result, the moment diagram over the entire structure, is 
shown in Fig. 8b. Thus the analysis of a continuous beam over three 
spans, statically indeterminate to the second degree, made it possible 
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Fic. 10—MoMENTS DUE TO DISPLACEMENT OF SUPPORT C 
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Fic. 11—MoMENTS WITH NO SIDESWAY 


to calculate the moments of the original structure which is statically 
indeterminate to the tenth degree. Since no approximations were 
made, the obtained result is accurate (exact). Its limitations are 
only the usual ones on which the entire currently applied theory of 
rigid frame structures is based. 

3. The effect of displacement of a support can also. be found by the 
presented method. Consider the frame analyzed in the previous 
problem and let point C move horizontally four inches to the right. 

Start with the results of the fourth reduction step and substitute 
one member for 1 and 3. The moment of inertia of this member will 
be J = 3.605 (shown in Fig. 9) since this value was found in the 
previous problem for the member which replaced bars 7 and 8. Column 
II-C whose lower end is displaced is considered now as the loaded 
member, thus it must keep its original length and moment of inertia. 
The steps of the reduction used in this case are illustrated in Fig. 9. 
It is seen that finally we arrive at a continuous beam of two equal 
spans. In consequence of the statical identities used for substitution 
we know that a As displacement of support C of this reduced form 
will cause the same bending moment at section II as it would on the 
original structure. Moments arising in beams over two spans due to 
the settlement of an end support can be computed by use of the 
formulas given in Table C. 
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Fic. 12—SupportT DISPLACEMENT ON REDUCED FORMS 
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Cc 
Fig. 13—AcTUAL MOMENTS 


In the present problem it is not sufficient to know merely the ratios 
of I for the different members, but the actual dimensional value of EF] 
flexural rigidity must be given for each bar. Let us consider the for- 
merly given values of J merely as ratios on a common dimensional 
basis J, and put J, = 100 inch‘; furthermore EF = 30 X 10° p.s. i 
and As = 4 inch. With these data we obtain from formula VII 
Table C the bending moment at the end JV of bar 4: M4? = —1.955 
X 10° in. lb. Distributing this moment then over the remaining por- 
tion of the structure we get a moment diagram as indicated in Fig. 10. 


4. The method will now be applied to a frame whose joints are 
displaced as a result of the loading. Consider the frame of Fig. 11. 
A uniform load of 0.8 kips per foot is applied to the central span. 


First, the frame is reduced to a three span continuous beam and the 
moments at the supports are found in the same manner as it was 
illustrated in problem 2. Then the end moments are distributed using 
formulas V and VI which leads to the moment diagram shown in 
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Fig. 11. The horizontal force or shear arising at joint JV is obtained 

in the usual manner. 

0.199 + 0.399 + 0.867 — 0.306 0.153 k ft. 
3 ft. 


iS 2 se 


H = = 0.335 k 


This force of 0.335 kips, acting from left to right must be balanced by 
an equal and opposite force have the same line of action. If equilibrium 


a 


is to be attained, the balancing force must be provided by an imaginary 
support at point JV. Since this support does not exist in the actual 
structure, the girder will sway to the right until elastic equilibrium 
results. Inasmuch as sway is caused by the force H, it is evident that 
final moments can be determined only after those due to H are estab- 
lished and added to the moments found on the frame with the imagin- 


ee 


ary support. : 

The additional moments will be calculated in the following manner. 
First, the moments due to a small displacement (As) of the girder are 1 
found and from there we find the horizontal foree which brings about ' 
the displacement As. The moments caused by the force H are then ‘ 


readily given by proportionality. 

A As displacement of the girder to the right has the same effect as 
an equal displacement of all the supports to the left. The present 
method will be applied to the latter case. Supports A, B and D are 
displaced one at a time and the moments resulting are found in the 
manner of the previous problem. Then, addition of the effects of 


ee 


= 


these displacements will give moments due to the displacement of the 
girder. The reduced ‘orms for the analysis of support displacements, 
shown in Fig. 12 may be obtained on the basis of the theory presented 
above. Since we are now concerned mainly with relative values, As 
and F£ will, for simplicity, be assumed to be unity in formulas VII 
and VIII. Using these formulas we obtain the following values: 


Dueto4d, =1: M,A =—0O.501k ft M/ = 4+0.335k ft 
DuetoAg = 1: M;" = +0.237 k ft 
DuetoAc=1: M, = 0.497 k ft M,'" = +0.328 k ft 


Oe es ee ee 


Then by distribution the moments due to each displacement are 
obtained for the original frame. The algebraic sums of these give the 
moments produced by unit displacement of the girder, as shown in the 
table below. 








Moment | MI! | Md : 
Cause M4 M2 | Mall Ms? | Mal = Mell | M!¥ M2" 
- | — | 
Aa = 1 0.501 0.335 0.110 0.051 0.059 | 0.017 0.005 0.002 
Asp = 1 | 0.017 0.034 0.125 0.237 0.112 0.032 | 0.009 | 0.004 
Ap 1 0.002 0.005 | —0.017 0.013 0.030 | 0.085 | 0.328 0.497 ( 


} | j 
Ded 0.520 0.374 | —0.252 | 0.275 | 0.023 | 0.070 0.324 


0.495 
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From the column moments it is possible to ascertain the horizontal 
force required to give the moments indicated in the above table. 


H’ = 





= 0.663 k 

3 
Dividing the former and actual force H by this new value H’ and multi- 
plying this ratio by the 24? values of M we obtain the moments which 
must be added to those found with no movement of the joints. The 
scheme of this computation is shown in the following table and the 
final actual moment diagram is presented in Fig. 13. 


Mi = | Mglz 

Moment M:4 = M2! M2!! M3!! Mgt | = Mell M7! M7! 
On Frame Pre- 

vented from 

sway 0.153 0.306 1.130 0.867 1.997 1.471 0.399 0.199 
Due to Side- 

Sway 0.263 0.189 0.128 0.139 0.012 0.035 0.164 0.250 
Actua! | —0.416 0.495 1.258 | —0.728 1.985 1.436 0.235 0.051 


t 





Thus the complete analysis of this problem involved the following 
steps: First, the structure has been computed under the condition 
of no side-sway; the force necessary to prevent such movement was 
next found; then the moments resulting from the lateral deflection 
were calculated; and finally the actual moments were determined 
from the two results. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by April 1, 1938. For such 
discussion as may develop readers are referred to the JOURNAL for 
May-June, 1938. 
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Discussion of a Paper by Miklos Hetenyi: 


A Reduction Method for the Analysis of Continuous 
Beams and Open Frames* 


Cc. L. ECKELT 


Mr. Hetenyi’s publication of a method which permits the use of 
the Theorem of Three Moments in the solution of continuous beams 
and open frames is of interest; however, the method may be applied 
to closed frames as will be shown presently. 


The method suggested by Mr. Hetenyi was first called to the 
writer’s attention in 1931 by Prof. W. C. Huntingtont and has been 
taught for the past five or six years in some of the writer’s classes, 
however, these facts should not detract from Mr. Hetenyi’s efforts to 
make the method generally available to the profession. 


Instead of substituting equal spans with appropriate moments of 
inertia to supply the equivalent stiffness, Professor Huntington 


I 
makes use of equivalent stiffness factors (; , a deyice which the 


writer prefers to the method suggested by Mr. Hetenyi. Professor 
Huntington’s notes include applications to both closed and open 
frames with various kinds of loading. To illustrate the application 
of this principle to closed frames, only uniformly distributed loadings 
will be considered in this discussion. 


For adjacent unequal spans with constant but different moments 
of inertia, and unequal uniformly distributed loadings, the Theorem of 
Three Moments may be written 


*JouRNAL, Am. Concrete Institute, January-February 1938; Proceedings Vol. 34, p. 353 
tProfessor and Head, Department of Civil Engineering, University of Colorado, Boulder, Col. 
tHead, Department of Civil Engineering, University of Illinois, Urbana, II. 
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1 l 1 ] —W L?, 1 We 

M4 =) +2M 5 E + = + Mc f=) = | (-) : 
A 1 

L*, (.) 0 SOE So IER Te nr ie ee ee as ing . (a) 


in which the stiffness factors of the two spans are 
I, I, 
k= Ly and ke = - 
Professor Huntington developed the values shown in Mr. Hetenyi’s 
Tables A and B but with stiffness factors with appropriate subscripts 
substituted for moments of inertia. As indicated in Table B, Case VI, 
if a member is attached at its far end to another member which in 
turn is freely supported at its far end, the bending moment at the 
intermediate support is: 


, ky 
Mes, = —\ ewe ak en welts «ee in 4 ‘ ° , ‘ (b) 


and the stiffness factor of a substitute member hinged at the far end 
is: (Table A, Case IV) 


ki + ke 
k, = Ake Fs ra =) 7, ty isting apne wa (¢c) 
For a member fixed at the far end, 

Mp = —\Ma,........ (d) 
and le a ee , (e) 


If the member is subjected to a constant bending moment across its 
entire length, 
Msp = Ma....... i ; (f) 


and gy. ee (g) 


If members AA’ and BB’ of the frame shown in Fig. 14 are both 
loaded, two substitute frames, one with member AA’ loaded and the 
other with BB’ loaded, may be used. Critical bending moments may 
be solved for each loading, and maximum bending moments may be 
found by algebraic summation. 


The following problem is taken from Professor Huntington’s notes 
to illustrate the application of this method to a closed frame.  Stiff- 
ness factors are written on the members of the frame loaded as shown 
in Fig. 14a. The same frame is shown in Fig. 14b. but the member 
BB’ is split as indicated. According to Eq. (g), the stiffness factor for 
each half of member BB’ is 2/3 x 6 = 4. The frame is now folded out 
as shown in Fig. 14c and by using Eq. (c) as indicated in Fig. 14d, 
a single span be substituted for spans B’BA. 
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Fig. 15 
It is seen that M, and M, = 0. Also by symmetry, Mz = M3. 


Applying Eq. (a) 

2M,(1/3.5 + 4) + M2('%) 
Solving M. = —.0473 wl? = Maa’ 
According to Eq. (b) 
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Fic. 16 (LEFT)—SYMMETRICAL FRAME, LOAD ON TOP 
Fic. 17 (RIGHT)—SYMMETRICAL CULVERT, EQUAL LOADS TOP AND 
BOTTOM 


4 
Mea = %x .0473 wl? (+) = — (2135 wl? 


The two-story bent shown in Fig 15 may be solved as indicated in 


Figs. 15b and 15c. The frames in Fig. 16 and 17 are special cases 
but may be solved by using the modifications indicated. 


N. M. NEWMARK* 


The idea or reducing a framework with one loaded panel to an 
equivalent simple span with elastic end restraints, or to an equivalent 
three span structure with the central span loaded, dates back in 
American engineering literature at least to 1918. At that time 
formulas! for the equivalent restraints of a group of members were 
stated by W. M. Wilson, F. E. Richart, and Camillo Weiss. These 
and similar formulas have since appeared frequently in the literature. 
The concept of reducing the framework to an equivalent simpler 
structure is the basis of practically all the ‘“direct’’ analytical proced- 
ures that have been published.? 


*Dept. of Civil Engineering, University of Illinois. 

1Analysis of Statically Indeterminate Structures by the Slope Deflection Method, Bulletin 108, 
Univ. of Ill. Eng. Exp. Sta., 1918. Especially Chapter X. 

2Some of these proc edures, but by no means all of them, are described by: 

W. M. Wilson and F. E. Richart, papers in Engineering and Contracting, Vol. 53, No. 4, p. 93, and 
No. 8, p. 205. 

F. E. Richart, A Study of Bending Moments in Columns, Proc. Am. Concrete Inst., 1924, p. 495 

Hardy Cross, Continuity as a Factor in Reinforced Concrete Design, Proc. Am. Concrete Inst., 1929, 
p. 669-709, especially p. 689-693. 

E. B. Russell, Analysis of Continuous Frames, published first in 1932 and revised in 1934 

L. T. Evans, ‘‘Handbook of Rigid Frame Analysis,” 1934. 

Thomas F. Hickerson, Structural Frameworks, Univ. of North Carolina Press, 1934. 

R. C. Brumfield, Solution of Static ally Indeterminate Structures by Transmission Coefficients, 1933 

T. Y. Lin, A Direct Method of Moment Distribution, Trans. Am. Soc. C. E., Vol. 102, 1937, p. 
561-605. 
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The writer was taught practically the same procedure as that given 
by Mr. Hetenyi (that is, an application of the three moment equation 
to complicated frameworks by successive compounding of members) 
in the fall of 1930 in a graduate course in statically indeterminate 
structures given by Prof. W. C. Huntington at the University of 
Illinois. Professor Huntington extended the procedure to frames with 
closed panels under certain conditions of symmetry or anti-symmetry 
with respect to loading. 

The writer has had occasion at different times to analyze continuous 
frames of various kinds, and has studied in detail variations of nearly 
all the published procedures as well as a number of unpublished 
methods. He finds that the only one that he still retains a liking for 
is the ordinary straightforward moment distribution procedure with- 
out any embellishments or short cuts. It can be used without reference 
to notes or tables, and with very little possibility of serious error. Of 
course on any specialized study involving a great deal of analytical 
work one will develop short cuts as he proceeds to prevent duplication 
of computations and to save time. However, in any occasional 
analysis the saving of time by a “direct’’? method over ordinary 
moment distribution is illusory, particularly when one takes into 
account members of varying cross-section. 

W. C. HUNTINGTON * 

The writer has been interested in the method presented in this 
paper and is of the opinion that it is worth while to point out this use 
which can be made of the Theorem of Three Moments in the solution 
of rigid frames. Those who are well grounded in the principles of 
mechanics, as taught during the junior year at college, should be able 
to grasp the principles involved although other methods may be pre- 
ferred by engineers who have had more advanced training. 

In 1930, the writer prepared notes for, and taught his graduate 
students, a procedure which he called the ““Equivalent Beam Method.” 
As developed by the writer, the method applied to ‘‘open’”’ frames, 
such as are included in this paper, and to ‘closed’ frames in which 
‘ach closing member is subjected to a constant bending moment along 
its entire length. Examples of this type of frame are the symmetrical 
rectangular frame with symmetrical loads on the top or bottom mem- 
ber, the closing member being the bottom or top member, respectively, 
and viaduct towers without diagonal bracing, the closing members 
being the horizontal cross-struts joining the legs. Many other exam- 
ples might be cited. 


*Head of Civil Engineering Department, University of Illinois, Urbana, II! 
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The method can also be applied to building frames by isolating the 
portion of the frame containing the loaded member and certain sur- 
rounding members as illustrated in Fig. 18. This method was used as 
the basis of a thesis prepared in 1931 under the writer’s direction.* 
In this thesis, a portion of the frame containing the loaded member, is 
“isolated” from the main frame by cutting at joints where the bending 
moments are so small that they can be neglected and the joints con- 
sidered as hinged; at joints where members are fixed by construction 
or by the loads on the frame, in which case the stiffness factors of the 
members framing into the joint are multiplied by 4/3; or at joints 
into which frame one or more unloaded members which are subjected 
to constant bending moments along their entire length, in which case 
the stiffness factors are multiplied by 2/3. The first of these values 
can be obtained from Table A of the paper and the second is easily 
derived. 

The writer adjusted the stiffness factors of the members to permit 
folding of the frame into a three-span continuous beam instead of 
adjusting the moments of inertia as in this paper. The Theorem of 
Three Moments for uniform loads covering entire spans expressed in 
terms of the stiffness factors is: 

1 1 ] I 
M+ 2m t i 1) 4 Pe = —Yw Le. —- Yul? 
ky ke tia k, 

The Three Moment equation for other conditions of loading can be 
derived readily. In terms of stiffness factors, the formula given by the 
author for reducing a two-span unloaded member to an equivalent 
one-span unloaded member, as given in Table A, becomes 
ke + ki 
3k, + 4k 
where k, is the stiffness factor of the substitute member; k; is the stiff- 
ness factor of the inner member, AB in Table A, which connects 
directly with the remainder of the frame, and k, is the stiffness factor 
of the outer member, BC. In asimilar manner, the formula for moment 
distribution is as follows: 


M B= —\ at M A 


If there are two intervening unloaded members between a joint and 
the end of a loaded member, the degree of restraint at that joint has a 
negligible effect on the bending moments in the loaded member and in 
the members connected directly to it. This relationship makes it 
possible to isolate a portion of any rigid building frame and determine 


the effect of a load placed on one of the included members by folding 


- “Analysis of Multi-storied Rigid Building Frames Carrying Vertical Lo: ads’’ by James P. O'Donnell, 
on file in the Library of the University of Illinois. 


=" 


k, = 4k; 
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This 


‘an be solved by the Three Moment Equation or by other 
After the moments at the two center reactions of this con- 


tinuous beam have been determined, the frame can be unfolded and 
the moments at both ends of the members attached to the loaded 


member can be determined. 








The process can be continued to include 





* 
“a 
i 


Mani 


See, & eee ane 
Ta aS as HA 


“we 
= 
SS SS SE ea Se eee Ses 


ae 
Sn MES 





364-8 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Suppl. September 1938 


all of the members in the isolated frame but the moments in the outer 
members of the frame are so small that they are negligible* and they 
are inaccurate if the assumed conditions at the outer ends of the outer 
members are not in accord with the actual conditions. The signs of 
the moments are indicated by the moment diagrams. Sidesway is 
neglected as is customary in building frame except in unusual cases. 


The procedure which has been outlined is used in the solution of the 
frame in Fig. 18.* All of the calculations are recorded in this:figure. 
In actual practice most of these would not be recorded for the results 
could be secured from slide rule setup. With the explanation which 
has been given, that included in the solution, and that in the paper, it 
is unnecessary to give further explanation. It should be pointed out, 
however, that the member CD is included with the members which 
are folded to form the span at the left of the loaded span as well as 
with those which form the member at the right. The end is considered 
as hinged at D in the first case, and at C in the second case. In each 
case, two unloaded members intervene between the joint and the end 
of the loaded member. If the bending moment across CD is nearly 
constant its stiffness factor can be multiplied by 2/3 to take care of 
end conditions but there is no more need for adjusting this stiffness 
factor than those of the other outer members whose outer ends have 
been considered as hinged. 


It is often possible to simplify the problem further by reducing the 
size of the “isolated” frame. The symmetrical frame shown in Fig. 19 
is loaded so as to produce a maximum positive moment in each girder. 
It is evident that each unloaded column and girder in the isolated 
frame at tbe center of the entire frame is subjected to a very nearly 
constant bending moment throughout its entire length. For this 
reason an almost “‘exact’’ solution will be secured if the stiffness 
factor of the unloaded members are all multiplied by 2/3 as shown in 
the figure. The equivalent beam is also shown. As isolated frames 
approach the edges of the frame the degree of accuracy becomes some- 
what less but the errors are negligible. When the isolated frame is at 
the edge of the frame, as shown in the figure, the stiffness factor of 
the outer columns should not be multiplied by 2/3 because the bend- 
ing moment at the upper end of the upper column of the isolated frame 
and the lower end of the lower column are quite small and approach 
a hinged-end condition as compared with the bending moments at 
the ends of those members which frame into the loaded member. The 
equivalent beam for this condition is also shown in the figure. 


*This frame is taken from ‘‘Continuity in Concrete Building Frames,’’ 2nd Edition, issued by the 
Portland Cement Association. 




















Analysis of Continuous Beams and Frames 364 -9 





























bon Lay oo f 4 4 

| | 
|__ te boom) foot bo | 
A ha a we i ee 
a SS a = 
—_—. T - L = ont uel t TO, i 


seSeus — + 
. | | | | 
(a) Frame Loaded for Maximum Positive Moments in Girders 


2. ie 
tif fness Factors ek a 
All columns: k ; Vat : 
= MK Laz K 

Allairders = K < 
yirder 3 el Mast ls 


| 
| 
} 
| 
| 
| 








(bb) Isolated Unit for Interior Girder (d) Isolated Unit for End Girder 


All load intensities eaual 








easel — + 
All story heights equal - is 7s 7% 4 . r 
_ : 279 L/ to \ ? 
All column spacings equal =(2k+K) \K, $(2k+K) z(Z2k+k) \K 2k 
(c) Equivalent Three-span Beam (e) Equivalent Three-span Beam 
for Interior Girder for End Girder 








Fic. 19 


The frame shown in Fig. 19 never exists for there will at least be 
variations in the column sizes. However, this procedure will give 
results which are satisfactory for design purposes even though 
there are considerable variations in the column sizes, the girder sizes, 
the column spacings, and the story heights. An example of the appli- 
sation of this procedure to the calculation of the maximum positive 
moment in an end girder is shown in Fig. 20. For this case which, is 
very irregular, the variation for the ‘‘exact”’ values is seen to be small. 
This isolated frame includes the same loaded member as was included 
in Fig. 18. In this case, the conditions are those for a maximum 
positive bending moment in the member FG while in Fig. 18, only one 
load was considered. 


Attention should be called to two provisions of the Building Regu- 
lations for Reinforced Concrete, 1936, of the American Concrete 
Institute which state that ‘‘The far ends of columns above and below 
the floor under consideration may be considered as fixed’”’. On this 
basis, the stiffness factors of these columns would be multiplied by 
4/3 to obtain the isolated frame. 


The procedure involving the large isolated frame, as illustrated by 
the problem in Fig. 18, is quite general in its application while the 
smaller frame, as illustrated in Fig. 19, can often be used to advantage 
by examining the conditions which exist in certain special cases. 
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Several other cases of loading for maximum moments at various 
points are considered elsewhere. * 

Many of the methods which have been proposed for the solution of 
rigid frames are nearly identical, so far as the basic principles are con- 
cerned, but each approaches the problem from a different point of 
view. The method explained in this paper, as applied to “open’”’ 
frames and as extended by the writer to apply to “closed” frames also, 
might be more readily understood than some of the other methods by 
those who have not had advanced training in structural analysis. 

F. L. EHASZT 

During recent years considerable attention has been paid by struc- 
tural engineers to the analysis of continuous beams and frames. 
Newer and more rapid methods have been proposed. This so-called 
reduction method is a noteworthy addition to structural theory. 
The argument presented therein is similar in part to that of the 
method of moment distribution. 

Identities as regards stiffness, indicated in Table A, have been 
cleverly employed by the author to reduce the entire structure to the 
left and to the right of the loaded span to a single span on either side. 
The elastic effect of these side spans in the resulting continuous beam 
over four supports was shown to be identical with that of the original 
beam or frame. This reduction aspect first came to the writer’s 
attention in the original presentation by the author in the March 1934 
issue of the Journal of the Society of Hungarian Engineers and Architects. 
The rules shown in Table B for distributing moments found in the 
reduced beam have essentially been applied ever since the introduction 
of Professor Hardy Cross’ method of moment distribution. 


~ *Bulletin 108, Engineering Experiment Station by W. M. Wilson, F. E. Richart, and C. Weiss, 
pp. 120-126. 

“A Short Method for Computing Moments in Continuous Frames” by S. C. Hollister, Journat, 
Am. Concrete Inst., Nov.-Dec., 1936, Proceedings Vol. 33, p. 147. 

tInstructor in Theoretical and Applied Mechanics, University of Illinois, Urbana, III. 
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Since the reduction method is applicable only for continuous beams 
and open frames, its scope is not as wide as in the case of the moment- 
distribution method. The chief disadvantage of the former lies in the 
fact that only one span can be loaded at a time, whereas in other 
methods all spans may be loaded simultaneously and superposition 
need not be resorted to. Although the method proposed in the paper 
is not expected to become widely used, the logic of its development 
makes it a welcome contribution to structural theory. 

AUTHOR’S CLOSURE 

It is interesting to learn that a method similar to the one discussed 
in the present paper was developed and taught by Professor Hunting- 
ton at the University of Illinois as early as 1930. Publications con- 
taining these ideas, however, did not appear to the writer’s knowledge 
up to the present and thus the method could have been known so far 
only to a comparatively small group of engineers. 

In answering Professor Eckel’s and Mr. Ehasz’ remarks regarding 
the applicability of the method to closed frames, the writer wants to 
point out that such application is possible but only in cases where the 
frame under consideration is entirely symmetrical in its geometrical 
arrangement and flexural rigidity. In such cases immediate conclusions 
can be drawn regarding the deformation of the structure and on the 
basis of these considerations the frame can be resolved into open panels. 
In this manner we can obtain solutions for symmetrical closed frames 
even under arbitrary (not symmetrical) loading conditions, since any 
loading can be resolved into symmetrical and anti-symmetrical 
components* for each of which the above mentioned method can be 
carried through. It was shown in the present paper that the reduction 
method gives direct solution for open frames even in the most general 
cases (not symmetrical frame including sidesway, as in example 4). 
Since under such general conditions for closed frames direct solution 
could not be derived by the present method, the writer abstained in 
the paper from making the statement that the presented method is 
applicable also to closed frames. 

When the structure under consideration has members of varying 
cross section then we encounter an additional problem, namely to 
determine the flexural rigidity of these members. Whenever the 
equivalent stiffness factors are found, the analysis, by any of the 
existing methods, returns to the usual course as in case of members of 
constant cross section. For this reason the writer cannot agree with 
Mr. Newmark’s remark that dealing with members of varying cross 


*See W. L. Andree: Zur Berechnung Statisch Unbestimmter Systeme Das B. U. Verfahren, Mun- 
chen, Berlin, 1919. 
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section would itself make a difference in the comparison of different 
methods of analysis. 


For the general case it is interesting to consider that in a multiple 
connected frame structure, the elastic restraint at the ends of a loaded 
span can be represented by an adjoining equivalent beam, whose 
flexural resistance is likely to be between a 1) continuous beam over 
two equal (/) spans and 2) a beam over one span (I) being rigidly 
fixed at the far end. The point of contraflexure will be in the first 
case at 4/5l and in the second case at 2/31 distance from the end of 
the loaded span. Thus the length (L) of the equivalent beam is 
likely to be between the limits 0.671 < L < 0.801. The aim of all the 
existing methods of analysis is to find the exact location of the point 
of contra-flexure between the above limits. But it is obvious that an 
experienced designer will be able to estimate quite well to which limit 
he is the closest in any actual case. From the nature of the problem, 
it follows that such practical shortcuts have a good chance for success. 
This makes it most likely that complete and ‘exact’? methods of 
analysis for closed multiple frames will never be used extensively in 
the structural practice. 
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New streets of grouted brickbats 


H. M. Sat L, Engineering Ne ws-Record, Vol. 119, No. 23, Dec. 2, 1937, pp 905-906 
Reviewed by R. W. Brat 


High carly strength cement was used in cold weather in a 1:21 grout for binding 
crushed paving brick in the construction of macadam streets in St. Joseph, Mo. 
Initial and final compaction was done by hand. The pavement was closed to traffic 
for 13 days. 


Construction of a 15,500 metric ton grain silo 

W. Bucnno iz, Beton u. Eisen, Vol. 36, No. 21, p. 337 (Nov. 5, 1937). Reviewed by A. U. THEevEerR 
This article gives a complete description of the design and construction of a 17,000 

ton capacity reinforced concrete elevator. The elevator proper consists of a cluster 

of 16 circular cells each 26 ft. in diameter and 92 ft. high with nine interior spaces 

inclosed by the circular cells. 


Worn pavement topped and widened 

Engineering News-Record, Vol. 119, No. 27, Dec. 30, 1937, pp. 1053-1054 Reviewed by R. W. Brau 
The detailed technique used in widening and resurfacing worn-out concrete and 

brick pavement on one job in Indiana is discussed. An 18 ft. road was widened to 

30 ft. and surface irregularities of the reinforced concrete slabs were held to a maxi- 

mum of %in. Transverse rubber expansion joints were spaced at 40 ft. 


Concrete improves its appearance 

Engineering News-Record, Vol. 119, No. 24, Dec. 9, 1937, p. 947 Reviewed by R. W. Bran 
It is pointed out that only in the last 12 years have architects been attracted to 

concrete as an architectural medium. Many methods for obtaining the desired 

architectural shapes and effects are mentioned, such as the use of plaster waste molds, 

and the water-proofing of the mold surface to prevent absorption of moisture from 

the concrete with a resulting light color. 


Principle of virtual displacements 

Dr. Kammutter, Beton u. Lisen, Vol. 36, No. 22, p. 363 (Nov. 20, 1937). Reviewed by A, U. Toever 
The author, noting a great deal of haze and uncertainty regarding the derivation 

and application ot the principle of virtual displacements, deals with this principle on 

the basis of general physical fundamentals. The application of the principle to the 

solution of problems in statics and engineering design is illustrated by means of a 

number of examples. 


(365) 











366 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Jan.-Feb. 1938 


Mat-vibrated cement macadam 


C. U. Pouuarp, Engineering News-Record, Vol. 119, No. 21, Nov. 18, 1937, p. 824 
Reviewed by R. W. Beat 


In Tecumseh, Neb. about 40,000 sq. yd. of cement-grouted macadam is being 
vibrated to ensure extra compaction. “About 30 minutes after a 1:2 grout has been 
spread over the crushed rock, slatted mats are placed over the mixture and gasoline- 
driven vibrators rapidly compact the penetrated stone. The use of 0.9 sack of cement 
per sq. yd. of pavement insures penetration of the full 6-in. slab depth. A crew of 
63 completes about 800 sq. yd. of pavement per day. 


Design of the highway cross section 
W. H. Stwonson, U.S. Bureau of Public Roads. Hicghway ResearRcH ABSTRACTS 
This paper is based on facts brought out by the subcommittee report on Highway 
Types and Roadside Areas, including (1) a survey of current design, construction 
and maintenance policies as they relate to highway lansdecape development; (2) 
analysis and classification of highway types as they rdlate to the entire land use 
problem; and (3) recent adjustments in highway design leading toward development of 
the whole right of way as a unit in relation to its surroundings. Discussion will 
consider the free, easy and safe flow of traffic, and will cover surface features—space 
relations rather than structural design. 


Bond resistance of high elastic limit steel bars (series of 1937) 
H. J. Grixey, S. J. CHAMBERLIN and R. W. Beat, Iowa State College Highway REAsSERCH ABSTRACTS 

In an extension of the 1936 reconnaissance series, comparisons were made of pull- 
out with beam-type specimens, using 3,000 and 5,000 p.s.i. coneretes, plain and 
deformed bars of 3%, 5% and 34-in. diameters, several lengths of embedment, and 1, 
11% and 2-in. depths of cover over deformed bars as resistance to splitting. Slips 
were measured with dial indicators and strains in the concrete with Martins mirrors. 
In the beam-type specimens the percentages of reinforcement varied between 0.55 
and 2.76. Data were secured on the effect of yield-point and lower stresess in the 
steel on the bond resistance developed. 


Determination of uncombined lime in portland cement 


D. R. MacPuerson and L. R. Forsricu, Industrial and Engineering Chemistry, Analytical Edition 
Vol. 9, No. 10, Oct. 15, 1937, pp. 451-453. teviewed by Roy N. Youne 


The ethylene glycol method of Schlapfer and Bukoswki for the determination of 
uncombined CaO in portland cement was studied and improvements in the method 
were developed. The modified method proved to be reliable as compared with the 
glycerol-alecohol method of Lerch and Bogue when applied to dry portland cement 
and clinker but failed to be satisfactory in the determination of uncombined CaO and 
Ca(OH), in hydrated portland cement. 

This improved method requires only 40 minutes for its completion whereas the 
glycerol-aleohol method requires from 1 to 7 hours. 


Vibration: Illinois experience 
V. L. Grover, Illinois Division of Highways. HicgHway Researcu ABSTRACTS 
This investigation was conducted primarily to study the practicability of the 
vibratory method of placing concrete on a regular paving contract. Mixtures of 
standard proportions placed by conventional methods were compared with two types 
of mixtures placed by vibration, in which the proportion of fine to coarse aggregate 
was adjusted to give the best results. Both gravel and crushed stone coarse aggre- 
gates were used. In one type mixture, designed for standard yield, a reduction in 
mixing water of about one-half gallon per bag of cement and a corresponding increase 
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in strength was obtained. In the other, in which the standard water-cement ratio 
was maintained, a saving in cement of about 10 per cent was obtained without reduc- 
tion in strength. The progress of the work was at least as satisfactory as when the 
conventional methods are employed. 


Placement of concrete pavement by vibration on federal aid 
project 425-E in Wisconsin 
Guy H. Larson and Wo. H. Zamzow, Wisconsin State Highway Commission. 

HicgHway ReseArcH ABSTRACTS 


In a field experiment conducted on a nine-mile paving project, the usual equipment 
found on the modern paving job was supplemented by a concrete vibrator of the 
Jackson tubular type, and by the mechanical, longitudinal float. The percentage of 
sand in the aggregate was reduced from that specified for ordinary placing methods 
in an effort to take advantage of the ability of the vibrator to handle harsher and 
drier mixes. Test specimens consisted of cylinders and cores drilled from the pave- 
ment. The mix was not as dry and harsh as the vibrator could have compacted 
since the dryness and harshmess were limited by the mechanical float, and full 
benefits of vibration were not realized. 


Vibration: Kansas experience 
R. D. Finney, Kansas State Highway Department. HicgHway Researcu ABSTRACTS 

Three types of vibrators were used on the different projects studied in this report. 
A front screen vibrator was used on one project, a vibrating pan on another, and the 
vibrating tube on five projects. In addition to study of the projects upon which 
vibration was used, nearby projects using the same aggregates and cements were 
studied in an effort to determine the changes produced by vibration. 

A fair degree of satisfaction has been obtained by using vibrators in this State. 
Although gains in slab quality have not been as great as it is possible to obtain, 
only experience can bring about high efficiency. The statement that the higher the 
frequency, with proper amplitude, the better the results, is found true in Kansas as 
it has been in other places. It is believed also that the more internally a vibrator 
may be made to work, the more favorable the gain. 


Sub-sieve size distribution follows same law as for coarser 
particles 
Frep D. DeVaney and Wit H. Coeuiiy, Rock Products, Oct. 1937, p. 58-59. 
Reviewed by Roy N. Youna 

If a homogeneous rock or ore is crushed in an orderly fashion, the distribution of 
the particles in the finer sizes will follow certain mathematical laws. If this crushed 
material is sorted into sizes that vary as the ¥ 2 or as the ¥2 and the percentage 
weights of the portions larger than these sizes are plotted on a log-log scale against 
size, the resultant curve for the finer sizes will be a straight line. Therefore, if two 
points are established on the straight portion of the curve, the curve can be extrapo- 
lated into the still finer sizes. 

A study of emulsions and the plotting of droplet size distribution in the above 
manner indicated that emulsions follow the same laws of crushing as those for 
homogeneous ores. 


Symposium on cement-soil stabilization 
W.H. Mitts, Jr., South Carolina State Highway Department. Highway ResEARCH ABSTRACTS 


Studies of stabilization of soil with cement have advanced during the past year 
with the construction of test sections by a number of highway departments, and with 
the continuation of research by the Portland Cement Association. The information 
presented in this paper has been obtained from reports submitted by the Portland 











368 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Jan.-Feb. 1938 


Cement Association, Illinois Department of Public Works and Buildings, Iowa State 
Highway Commission, Missouri State Highway Commission, and the State Highway 
Commission of Wisconsin. 

It appears that cement-soil mixtures give promise of real merit as a road construc- 
tion material. Studies should be continued both in the laboratory and in the field to 
improve and simplify methods now in use. Adequate preliminary laboratory investi- 
gation prior to construction, and positive accurate control during construction are 
essential, and cannot be overemphasized. 


International research on concrete 
Anonymous. Tonindustrie Zeitung, Vol. 61, No. 86, 87, 89, p. 957-8, 968-70, 991-2, Oct. 28, Nov. 1, 8, 
1937. Reviewed by A. E. Berriica 
A comprehensive review of papers on concrete research presented at the Inter- 
national Congress for Testing of Materials in London. The review includes the fol- 
lowing papers: QO. Graf on the Shrinkage of Concrete and Methods of Measuring 
Shrinkage; G. F. Thomas on Shrinkage Cracks of Concrete Specimens which are 
Held Rigidly at Both Ends to Prevent their Movement in the Direction of the Axes; 
O. Graf on Vibration of Concrete and Its Effect on the Density of Mortar and Con- 
crete; F. H. Jackson on High Frequency Vibration of Concrete; R. Griin on Concrete 
Pipes and their Protection Against Attack from within and from the Outside; 
M. Ros on Plain and Reinforced Spun Concrete Pipes; L. Turner on the Redevelop- 
ment of Strength in Broken Mortar Specimens; R. Feret on Porosity and Permea- 
bility of Concrete; W. H. Glanville on Gradation and Workability; N. Davey on 
the Effect of Temperature on Concrete Strength; A Kral on the Effect of the Petro- 
graphic Character of Aggregates on the Strength and Hardness of Concrete; A. T. 
Goldbeck on Testing the Durability of Concrete Aggregates. 


Proposed freezing and thawing test 
C. H. Scuouter, Kansas State College. HicgHway Researcu ABsTRACTS 


A method is proposed for use in a cooperative series of tests to determine the 

effect of variations in the test method upon results secured. Regarding the apparatus, 
the type of compressor, freezing chamber, circulator, specimen holders, and thawing 
tank are prescribed. Specimens shall be exposed for three hours in the freezing 
chamber, the temperature of the alcohol mixture entering at —20+2°F. and leaving 
at not more than —15+2°F. The thawing tank shall be kept at a temperature 
between 75° and 80°F. At no place in either tank or chamber shall there be a differ- 
ence in temperature exceeding 5°F. At the end of one hour the specimens shall be 
removed from the thawing tank and returned to the freezing chamber. 
} Test specimens of concrete shall be 3 by 6-in. cylinders where the aggregate does 
not exceed 34 inch maximum size, and 6 by 12-in. cylinders where the maximum size 
aggregate lies between 244 and % inches. It shall be permissible to use 6 by 6 by 
20-in. beams instead of the cylinders. Test specimens of mortar shall be 2 by 2 by 
11-in. beams. 

Tests in compression and flexure are described, as is the method of curing and the 
measuring of disintegration. 


Stresses in concrete pavement slabs 
M. G. SPANGLER and Frank E. Licutsurn, Iowa State College HiGHway RESEARCH ABSTRACTS 


The Iowa Engineering Experiment Station has been conducting a research project 
for several years on the subject of stresses in concrete pavement slabs. This paper 
is the second progress report on the project and gives the results of some extensive 
strain measurements from which the magnitude and direction of the principal stresses 
have been determined at a large number of points in the vicinity of loads applied at 
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a corner of two full scale model slabs. The subgrade reaction pressures and deflec- 
tions of one of the slabs have also been measured at a number of points over the same 
region and the ratio between pressure and deflections at each of the points determined. 
These studies show that for this slab the ratio was constant at each point within the 
range of loads applied, but was not the same at all points and varied with the dis- 
tance of a point from the corner. The values of the ratio varied from about 300 p.s.i. 
per in. at the corner to about 75 p.s.i. per in. at distances of 414 feet from the corner, 
However, the use of a uniform value of the ratio appears to be justifiable, since 
average normal stresses calculated by formulas using a value of K = 200 checked 
closely with average normal stresses calculated from the measured subgrade pressures. 
These calculated stresses also agreed with the average normal stresses determined 
from the strain measurements. 


Granular composition corresponding to the optimum plasticity 
of concrete and to its maximum resistance in reinforced 
concrete 

LeGenie Civil, Vol. CXI, No. 24, Dee. 11, 1937, p. 501-503. Reviewed by R. L. Bertin 

The paper deals with an extensive series of tests conducted at the Laboratories 
of Buildings and Public Works under the direction of Jean Faury, to find the most 
suitable grading of gravel type aggregates to produce concrete readily placable 
around reinforcing bars and yield the greatest strength. 

The complete paper and discussion are contained in Annales de l’ Institut technique 
du Batiment et des Travaux Publics of July and August 1937. 

This article is interesting insofar as it is another attempt to pin down workability. 
It is claimed that the flow table is not a measure for plasticity. Instead, two devices 
are described which were used in measuring the workability. One is based on the 
quantity of concrete which flows through a given aperture, under specific manipu- 
lations, for a given time. The other is based on the relative density of the concrete 
rodded into two cubical molds, one of which has a system of bars running through it 
simulating reinforcement and the other not. 

From the test data curves are plotted which indicate the desirable grading. 


Relation between Los Angeles abrasion test results and the 


service record of coarse aggregates 
D. O. Wootr, U. 8. Bureau of Public Roads. Hiauway ResEARCcH ABSTRACTS 


Because all States do not have the same range in quality of coarse aggregates, and 
one State with an abundance of hard rock will consider certain test values for quality 
as necessary which could not be used by other States, it must be emphasized that 
recommendations are subject to change with local conditions. In general, however, 
it appears that there is a definite relation between the loss in the Los Angeles test 
and the service record of materials used in concrete, bituminous construction and 
surface treatment. On the basis of the data available, the following percentages of 
wear appear to be suitable for use in specifications to control the quality of coarse 
aggregates: Concrete, 50 per cent; Bituminous surfacing, 40 per cent; Surface 
treatment, 40 per cent. 

Definite correlations between the loss in the Los Angeles test and the strength of 
concrete are found, the lower the percentage of wear the higher the concrete strength. 
Definite correlations are also found with the results of a circular track roller test and 
a test for soft or friable pieces. 

In conclusion, it appears that the Los Angeles test gives accurate indication of the 
quality of the material under test, and that its use in specifications controlling the 
acceptance of coarse aggregate is warranted. 
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Experimental research on the use of cold stretched bars for the 
reinforcing of concrete 
LeGenie Civil, Vol. CXI, No. 26, Dec. 25, 1937, p. 561 Reviewed by R. L. Bertin 

It is possible to raise the elastic limit of steel bars by twisting them. This increase, 
however, is accompanied by a decrease in the modulus of elasticity. The modulus 
of elasticity can be reduced as much as 25 per cent by twisting two bars together in 
the shape of a helix. R. H. Evans has studied the flexural resistance of concrete 
beams reinforced with this type of steel and has published his findings in the October 
issue of Concrete and Constructional Engineering which are reviewed in this issue of 
Genie Civil. 

The conclusions are condensed as follows: 

Rectangular beams having spans of 2m.50 and T beams having spans of 1m.50, 
some of which are reinforced with twisted twin bars and others with the same size 
and number of bars but not twisted, show under the same loading that the deflection 
and steel deformation of the former is the greater. When the failure of the beams 
is due to excessive steel stress, the corresponding load is approximately the same for 
either kind of steel. If the failure is due to insufficient diagonal reinforcement, the 
corresponding load is decidedly greater with the straight untwisted bars. The 
theory permits foreseeing these results. 


The influence of temperature on the hardening of concrete 
LeGenie Civil, Vol. CXI, No. 26, Dec. 25, 1937, p. 547-548 Reviewed by R. L. Bertin 

This paper reports the results of compression tests conducted on concrete speci- 
mens for the purpose of comparing the effect of temperature on the kind of cement 
used. The variables investigated are as follows: 


Temperature 3°, 0°, 6°, 12° and 18° c. 

Period 6, 16, 24 and 48 hrs. for temperatures of 0°, 6°, 12° and 18°, and 6 hours, 
1, 2, 3, 7, 15, 28 days for temperatures of 3° and 18°. 

Water Cement Ratio 2 and 1.66 

Cements Artificial cement 


Supercement 
Cement Fondu 


The results are given in tabular and graphical form. The conclusions are that the 
early strength of supercement reduces to the level of artificial cement at temperatures 
of 12° or less. Lowering the temperatures of cement fondu concrete has little effect 
on the rate of hardening. Specimens, cured at 0°, 6°, 12° and 18°, show practically 
the same ultimate strength at periods of 3 to 28 days. With any cement, it is indis- 
pensable to keep the aggregate and water slightly above freezing several hours follow- 
ing the mixing. The heat liberated by “cement fondu’ during the rapid hardening 
is then of great value. Finally, the characteristic properties of cement fondu are 
claimed to be of great importance for work which must be put in service as soon as 
possible. 


How to make good concrete 


H. N. Walsh. Concrete Building and Concrete Products, Vol. 12, No. 12, Dec. 1937, p. 226. 
Reviewed by J. C. PEARSON 


A front page editorial in this English magazine introduces this first in a series of 
articles by Professor Walsh in somewhat striking manner by referring to the com- 
plexity of refinements of present-day concrete control as set forth in many papers, 
books and articles, “most of which use so many scientific terms and introduce so much 
mathematics that many makers of precast concrete units and builders may be excused 
if they feel that modern refinements in concrete are out of their reach, and for that 
reason fail to study the existing literature on the subject. The present-day tendency 
to express a simple fact in involved language is one which makes the study of such 
problems increasingly difficult; it is a tendency which defeats the writer’s object 
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of educating the average man, because too often the persons for whom the papers 
or articles are written are discouraged from attempting to understand their message.”’ 

Thus, one may well envy the ability of Professor Walsh to state the basic principles 
in readily understandable language. He first sets forth the problem, and then the 
solution. It is unnecessary in this brief notice to review what he says in detail, but 
it is perhaps important to point out that he sets an example for all of us in inter- 
pretive writing—that is, in explaining to a group of producers the things they should 
know and heed, in words they can understand. 


The significance of early heat liberation of cement paste 


R. W. Carson, Massachusetts Institute of Technology. HigHway Researcn ABSTRACTS 


This paper concerns differences in rates of heat generation of cements during the 
first 24 hours after mixing, and the probable significance of the differences. A 
“conduction” calorimeter is described that measures instantaneous rates of heat 
liberation. The results from this calorimeter form the basis of the paper. 

Plotted curves of the rates of heat liberation of cements for the first 24 hours after 
mixing show wide differences, suggesting that the early heat characteristics may be a 
sensitive index to the performance of a cement. The following properties of cement 
are shown to be related to early heat of hydration: setting times, early strength, 
temperature rise of concrete in thin slabs, and probably bleeding of concrete. 

The carly heat characteristics of cements are affected by the following factors: 
fineness, composition, gypsum content, cooling treatment of cement clinker, tem- 
perature of hydration, “conditioning” on ageing of cement, and the presence of 
extraneous materials. An example of the effect of these variables is the fact that a 
few per cent of an active puzzolanic material may increase the maximum rate of 
heat liberation by a hundred per cent or more, although it may reduce the total 
heat liberation. 

The preliminary studies of early-heat characteristics presented in this paper 
indicate that the conduction calorimeter is a good tool for research. The early heat 
of hydration may provide a guide to improving the quality and uniformity of cements 
when the significance of results is more fully understood. 


Impervious membrane concrete cures 


California Division of Highways, Highway Research Census—41.23. HiagHway ReseARCH ABSTRACTS 


In many locations where it is impractical to cure concrete with the standard water 
cure method, specifications have allowed the use of a colorless membrane resulting 
from a solution sprayed on the concrete. Some of these membranes have not been 
efficient, so that tests were devised to measure the loss of moisture through the 
membrane. 

Specimens consisting of 256 grams of mortar made of 620 g. cement, 1467.5 g. 
blended sand and 292.5 ml. of water were fabricated in the bottoms of 8-oz. gill 
type containers cut off to give a depth of 2cm. The surfaces were leveled by slightly 
tamping to remove air pockets, and placed in a moist cabinet of 100 per cent humidity 
for 12 to 15 hr. The laitance was brushed off, any excess water removed, and the 
specimens immediately weighed. A coat of curing material was then applied on the 
basis of the coverage desired. Specimens were placed in the air, preferably in the 
sun, for 3 hr., weighed and placed on the revolving shelf of a constant temperature 
oven maintained at 115°F. and weighed again at 4 br., 16 hr., and 20 hr. For addi- 
tional data weighing may be continued at 24 hr. intervals until the loss is negligible. 

Preliminary results indicate that under conditions where the temperature is 
below 95°F. and the humidity is fairly high, satisfactory curing of concrete can be 
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obtained by applying impervious membrane curing materials at a rate of 200 sq. ft. 
per gallon. 


Laboratory tests of road dowels 
Inge Lyse, Lehigh University. HiagHway ResearcH ABSTRACTS 

Five different types of tests were made in order to obtain information which would 
indicate some of the properties of a new sheet metal dowel for concrete road joints. 
Although it is difficult to visualize how pure shear could occur at a joint, an ordinary 
shear test was employed in one experiment, a center concrete block being loaded 
while the two end blocks rested on a solid foundation. Most laboratory tests on 
dowels have been made in this manner. Since a more probable action of the joint 
would be in combined bending and shear, combined shear and bending was studied 
in a group of specimens containing four dowels, with the concentrated load applied 
at only one dowel. It seems, however, that the function of the joint would be pri- 
marily that of transferring loads by bending action. Pure bending of individual 
dowels was therefore studied on blocks containing a single dowel, and bending of a 
group was obtained in the testing of blocks which had four dowels, with the load 
applied over only one of them. Finally the bond or resistance to free slip at the joint 
was studied in so-called pull-out tests of dowels embedded in concrete. 

The methods of tests presented in this paper seemed to give some information 
regarding the relative merits of different types of dowels. The final criterion of the 
advantages of any doweled joint, however, must be based on field observations. 
Lacking such observations, the five methods of laboratory tests employed in this 
investigation should be of some assistance in a comparative study of different designs 
and types of dowels. 


Danish anti-skid fence 


Roads and Road Construction, London, Nov. 1, 1937, p. 360 Highway Researcn ABSTRACTS 

To prevent automobiles from skidding off the road and overturning, a new type 
of guard rail has been invented in Denmark and already installed on dangerous 
curves. This Autovaernet, patented by S. A. Rasmussen of Silkeborg, Middle 
Jutland, consists of a bow-shaped fence one foot high made of white cement. The 
outstanding characteristic of the Danish collision fence is that whereas previous 
installations of a similar nature have caused considerable damage and injury to the 
cars and occupants they were intended to protect, the curve of the Autovaernet 
wall is so designed that a colliding vehicle sustains little damage, and the wall itself 
is practically indestructible. 

The armored concrete lining of the fence is constructed of “bent” castings of 
concrete 10 cm. thick, with a curved surface facing the road. The slope of this 
outer surface is constructed so that the air pressure in the automobile tires absorbs 
the greater part of the impact in any collision. The fence is mounted on heavy con- 
crete posts sunk into the ground at approximately 3-ft. intervals. 

In a recent demonstration of the Autovaernet a test car driven by an expert was 
deliberately skidded on a specially prepared surface and crashed against the fence at 
a speed of 25 m.p.h. The car came out of the collision without a scratch. It was 
then skidded sideways into the Autovaernet at a speed of 40 m.p.h. The air-filled 
tires and the springs of the car absorbed the whole of the impact, while the friction 
between the rubber of the tires and the concrete fence had a strong braking effect 
on the car. Neither the automobile nor the Autovaernet was damaged. Finally a 
heavy truck with full load was used in the tests. It escaped with a bent front axle. 

Night tests revealed that the new collision fence, because it is constructed with 
pure white cement, stands out with extreme clearness when spotted by the headlights 
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of an approaching car, constituting a warning of curves ahead and defining their 
slope and angle. 


Experiences in the use of immersion vibrators in reinforced 
concrete bridge construction 
B. Seysowp, Beton u. Eisen, Vol. 22, p. 353, Nov. 20, 1937 Reviewed by A. U. THever 

This article relates the author’s experiences in the application of immersion vib- 
rators and vibration methods for concrete placement as employed in the construction 
of several large reinforced concrete bridges. A discussion enumerating the advant- 
ages of vibration methods in general, precedes a set of specific recommendations. 
A maximum lift of 20 in. is reeommended for practice even in the placement of large 
masses of concrete. The immersion vibrator is placed in the concrete at depths vary- 
ing from 8 to 12 inches and vibrated in one spot for not more than 20 seconds. The 
vibrator is always to be withdrawn from the concrete slowly and evenly. A satis- 
factory mix is stated to be one that is capable of being worked into a sticky adhesive 
mass having a dense surface texture without the appearance of free water. (An 
exception is stated to result from the combination of a water-repellent cement with 
a very sharp-grained sand. In this case free water may collect on the surface follow- 
ing vibration even with a deficiency of water in the mix.) If, upon vibrating within 
a radius of 8 in. of a hole from which immediately preceding the vibrator has been 
withdrawn, closure of the hole does not follow readily, the mix is considered to be 
too dry. Just as in a proper placement of concrete by tamping methods the spacing 
of the steel must be taken into account, so also it is stated, must this factor be con- 
sidered when vibration methods are adopted. Vibration of the bars (vibrator held 
in direct contact with a bar) is cautioned against just so long as no test data exist 
showing the effect of this procedure on bond. The author advises against vibrating 
fresh lifts poured around construction joints before the concrete adjacent or under- 
neath has completely set, and particularly so when the reinforcing bars are contin- 
uous. 

In conclusion the author discusses the increased need of strength, rigidity, and 
tightness in the formwork of concrete placed by vibration methods. In the absence 
of data on the actual pressures exerted by freshly vibrated concrete on the formwork, 
the author would recommend a design based on the full fluid pressure of a medium 
having a specifie gravity of 2.3. Cracks in the formwork of the order of 0.08 in. are 
stated to permit the loss of enough fines to make the surface texture of the finished 
structure unsightly. 


Tests of welded steel and reinforced concrete trusses 
S. A. Morrapa Bulletin No. 103, Federal Material Testing Laboratory in Zurich, Oct. 1936 
Reviewed by INGE Lyst 

The report, in two parts, deals with the statical and alternating loading of welded 

steel trusses, and with similar tests of reinforced concrete trusses. It covers 86 

pages, including numerous illustrations. Because of the importance of the investiga- 

tions it seems desirable to present in full the conclusions from the tests of the rein- 

forced concrete trusses as follows: 


Static Strain 


1. The cracking load at which the tensile strength of the concrete was overcome, including the dead 
weight, amounts to an average of 13.25 tons metric or 26.5 per cent of the useful load 

The initial tension of the concrete due to shrinkage caused a she arp reduction of the cracking load 

2. The cracking of the concrete changes the stresses in the members and the moments, in that the 
tension members are relieved and the compre ssion members more heavily loaded 

The cracking of the concrete causes notable permanent deformations. At a load equal to 50 per 
cent of the useful load, the second test joist showed a permanent deformation of nineteen per cent of 
the total deformation; in the case of the first joist it amounted to 20 per cent at a load equal to 80 
per cent of the useful load 
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3. The bending stresses—secondary stresses—in ferro-concrete frameworks caused by the stiff 
connections of the members must not be neglected, on account of their very high values as compared 
with the main stresses. 

The secondary stresses reached a maximum value of 111 per cent. 

The parts of the pressure chord are subject to the largest secondary stresses, varying on the average 
between 64 and 93 per cent. 

These values vary between 31 and 61 per cent for the stays subject to pressure. 

The mean value of all compression members lies between 65 and 70 per cent. 

The secondary stresses in the tension parts in the test joists were small, averaging 7.5 per cent 

4. The bending stresses increase as a result of the more rapid increase of deformation at higher loads, 
which increase is, however, not linear. The increase is greater in the case of higher loads, and grows 
to an extraordinary degree upon attaining the limit of flow of the reinforcing iron 

5. The limit of flow of the iron and simultaeneously the initial strength of the concrete 5. = 0. 6 pBd 
are reached fairly simultaneously at a load equal to twice the useful load 

A degree of safety of about 2, limits the range of elasticity of the ferro-concrete frameworks in the 
case of repeated loads. 

The corresponding permanent deformations at this load amounted to 5.5 per cent of the total defor- 
mations. The maximum permanent compression of the concrete amounted to 0.052 per cent. For 
higher loads large permanent deformations arise; the frameworks are in the plastic state 

6. The average cracking load was 136 tons metric. The degree of safety against cracking’is thus 2.6 

7. The fatigue strain—initial strength, -45=0 and 6= +émerz —for the useful load (50 tons) and 
within the existing number of stress reversals (314 million) has no influence worth mentioning on the 
static or dynamic load capacity or the elasticity 


Fatigue 


8. The static deflection and damping increase in the course of the fatigue process; the resiliency 
force (force producing unit deflection, i.e. spring constant) and natural frequency of vibration thus 
decrease. Under the same test conditions of resonance recording the capacity, the amplitudes and 
the amplification factor decrease with the fatigue. 

9. A subsequent regaining of stiffness was noted. Within individual periods a state of inertia set 
in after a certain number of changes of load 

10. With a statically adequate degree of safety, the safety of the ferro-concrete frameworks is ensured 
with regard to fatigue 

11. The greatest care must be taken in applying theoretical results of dynamic calculation to practi- 
cal conditions. 


Action of saturated steam on dicalcium ferrite and on 
tetracalcium aluminoferrite 


D. T. Maruer and T. THorvaLpson Canadian Journal of Research, Sec. B, Vol. 15, Aug. 1937 
AvuTHoRS’ ABSTRACT 


The study of the hydration of substances present in Portland cement clinke: 
has been mainly confined to the action of water on the silicates and the aluminates 
of calcium. Lately it has been shown that a compound of the composition 4CaO 
AlpO; . Fe,O; (tetracalcium aluminoferrite) is present in portland cement and 
probably present in aluminous cements. Another compound containing iron, dical 
cium ferrite, is also probably present, possibly in solid solution with tetracalcium 
aluminoferrite, in aluminous cements (8) and in cements of the portland type where 
the alumina is to a large extent replaced by ferric oxide, as in iron ore (Erz) cement 
The experiments here reported were undertaken as a part of a general study of the 
reactions which occur when cement mortars are cured in saturated steam at high 
temperatures and deal with the action of steam on dicalcium ferrite, tetracalcium 
aluminoferrite, and on some of the possible products of hydrolysis of these. 

The reactions which occur when dicalcium ferrite and tetracalcium alumino-ferrit: 
are exposed to saturated steam at temperatures between 100° and 300° C. wer 
studied by determining the water absorbed and the optical properties and X-ray 
diffraction patterns of the products. The hydration of the probable products of 
decomposition under the same conditions was also studied. The main results were 
as follows: 

Precipitated alumina, treated between 170° and 350° C. and then dried over 
calcium oxide or “dehydrite” at 21° C., gives a monohydrate of alumina. The 
product is the same whether the initial alumina contains excess combined water or 
has been dehydrated at any temperature below about 920°C. On similar treatment 
between 100° and 170°C. precipitated ferric oxide loses its water of hydration, giving 
a material with the crystalline structure of hematite. Tricalcitum aluminate at 
temperatures between 150° and 300°C. forms the isometric hexahydrate. 
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On prolonged exposure between 100° and 300°C., dicalcium ferrite is completely 
decomposed to calcium hydroxide and ferric oxide (hematite). The first step appears 
to be a rapid direct hydration of the dicaleium ferrite to a dihydrate, followed by a 
rapid liberation of one mole of calcium hydroxide. Then follows a slow decomposition 
of the hydrated monocalcium ferrite with the formation of hematite. 

Similar treatment of tetracalcitum aluminoferrite at temperatures from 100° to 
300°C. gives as final products the hexahydrate of tricalcium aluminate, calcium 
hydroxide, and ferric oxide (hematite). Here again a very rapid action appears to 
take place, producing the hexahydrate of tricalcium aluminate and hydrated mono- 
calcium ferrite, the latter product then decomposing slowly to calcium hydroxide 


and ferric oxide as in the case of the diealcium ferrite. 


Study of vibrated concrete 


Joun Tucker, gr., G. L. Praman, FE. A. Prsapia, and J. 8S. RoGcers: Journal of Research of the National 
Bureau of Standards, 19, No. 5, 575 (Nov. 1937), Research Paper No. 1048 AUTHORS ABSTRACT 


This paper describes the results of tests of concrete specimens compacted into 
molds by approximately simple harmonic vertical vibrations of the molds of known 
frequencies and amplitudes. This vibration differed from that effected with portable 
commercial vibrators, as in the latter case, the ampliltude of vibration rapidly decreases 
as the distance from the vibrator increases. The vibrator used in these studies was 
of the table type and was designed and built at the National Bureau of Standards. 

The test specimens were cylinders (6 by 12 in.) made of Potomac River sand and 
gravel and standard portland cement in water-tight sheet-metal molds. Those 
compacted by vibration were made by loosely filling the molds and a super-imposed 
hopper with a quantity of concrete sufficient, when compacted, almost to fill the 
molds. The filled molds were sealed with metal covers immediately after the cylinders 
either rodded or vibrated, were made. Frequencies of from 21 to 60 vibrations 
per second, and amplitudes fron 0.01 to 0.145 inch were used in the tests. 

Segregation was manifested by an accumulation of mortar on top of the cylinder 
and was expressed as the difference in cement content of the upper and lower halves 
expressed as a percentage of the cement content in the lower half. The surface 
condition of all cylinders was recorded as the estimated total area of pitting, pockets, 
or honey-combing on the surface. 

Beginning with a nominal 1:2:4 mix, the mixes were changed so as to avoid the 
segregation caused by the vibration until one, nominally 1:1.1:4.9, of the same rich- 
ness in cement to aggregate by weight as the first mix was secured. The character- 
istics of some of these mixes, compacted both by rodding and by varying degrees of 
vibration, were determined over a wide range of water contents. In other cases a 
small number of tests were made. A mix 1:1.66:6.45 by weight was found to be about 
the richest one that could be used with enough water to be plastic and yet which 
would not be segregated when vibrated. 

The tests warrant the following conclusions: 

1. A vibrated conerete proportioned 1:2.2:3.8 by weight, in which Potomac 
fiver sand and 1! in. gravel were used (a very good mix for ordinary use without 
vibration) underwent pronounced segregation, even at a consistency very dry for 
ordinary use (flow of 35), and at the least effective vibration treatment. This seg- 
regation was exhibited as an accumulation of a layer of mortar on the surface of the 
concrete. 

2. For the concretes with 115 inch maximum size aggregate the segregation was 
reduced by decreasing the sand-gravel ratio to about 0.22 and was eliminated, at 
all sand-gravel ratios, when the mix was made excessively dry (C/W = 2.50, zero 
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slump, or water content less than that required for minimum flow). Segregation was 
also minimized by using a 1:1.7:6.5 mix, which latter alternative permitted the use 
of sufficient water to give the concrete a flow of 35. 

3. For the 1:2.2:3.8 mix, no increase in strength over that of rodded specimens 
was developed by vibration until the water content had been reduced to C/W = 2.1, 
which gave approximately minimum flow. With further decrease in the water 
content to that of C/W = 2.5, (an abnormally dry mix) the strength of the vibrated 
concrete continued to increase, although the strength of rodded concrete of the same 
C/W ratio decreased. The greatest strengths obtained by vibration, were 4,400, 
5,800, and 6,900 p.s.i. at 7 days, 28 days, and 1 year, respectively. These strengths 
were considerably greater than the maximum strength obtained with the rodded 
specimens. It is to be noted that the percentage strength increase was greatest at 
7 days, the increase being less at 28 days and still less at 1 year. 

4. The solidities of the rodded and vibrated specimens of the 1:2.2:3.8 mix for 
equal C/W ratios were the same for water contents as low as approximately C/W 
1.8, and the same was true for the 1:1.1:4.9 mix with a water content as low as C/W 
= 2.0. With lower water contents the solidity of the specimens vibrated to com- 
paction was greater than that of the rodded specimens. 

5. The surface appearance of the concretes was excellent for water contents down 
to those corresponding in one mix to C/W=2.1, and C/W =2.4 for another mix. 
With further decrease in water content, the amount of surface defects of the concrete, 
unless thoroughly compacted, rapidly increased. Those specimens that were vib- 
rated to optimum strength, even for the driest consistencies used, had a satisfactory 
appearance. 

6. The effectiveness of the vibration was defined as the reciprocal of the time 

required to obtain a concrete of given strength and was roughly proportional to th« 
maximum vibrational acceleration. This acceleration is proportional to the ampli- 
tude and to the square of the frequency. The increase in strength continued with 
the duration of the vibration, the increase lessening, until a strength was attained 
not materially changed by further vibration. This value is referred to herein as the 
optimum strength. 
7. Ifthe vibrational acceleration is a measure of the efficacy in developing strength 
at any particular water content, then for a fixed acceleration, the energy required 
varies inversely as the frequency of the vibration, or directly as the square root of 
the amplitude. 

8. The time required to vibrate the 1:2.2:3.8 mix C/W = 2. 
with any assigned frequency and amplitude was approximately 30 times as great as 
that required to vibrate the same mix with C/W = 2.10 to optimum strength. At 
the same C/W ratios, considerably less time was required to compact the 1:1.1:4.9 
mix. 

9. Those mixes with a low ratio of time to coarse aggregate required a much shorter 
duration of vibration to obtain optimum strength than mixes with a normal sand- 
gravel ratio. A mix which required a relatively short duration of vibration and which 
had low segregation, was proportioned so that the total of the bulk volumes of water, 
cement, and fine aggregate was 17 per cent greater than the volume of voids in the 
rodded coarse aggregate (Mix F: 1:1.7:6.5.) 


50 tooptimum strength 
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34th Annual Convention 
THE PALMER HOUSE—CHICAGO 
luesday, Wednesday and ‘J hursday 
February 22, 23 and 24, 1938 


9:30 a. m. 
Tuesday 


Registration 


CHAIRMEN 
PRESIDENT J. C. PEARSON, 2 

Past-PrESIDENT P. H. Bates p. m. 
Tuesday 

Study of Mass Concrete 
Institute Committee 108, Properties of Mass Concrete 

* t 
has been studying the subject of mass concrete 
since 1930. It brings to the Institute on this occa 
sion brief extracts by members of the Committee 
of portions of the report which is now in preparation 


Problems Involved in Mass Concrete Construction 
and Methods of Attack by the Committee 


R. E. Davis Chairman 
Prof r of Civil Engineering, University of California, Berkeley 


Some Time-Temperature Effects on Mass Concrete 
J. W. KELLy 
rch Engineer, Engineering Materials Laboratory, 
University of California 
Field Survey 
FF. R. McMILLAN 
Director ef Research, Portland Cement Association, Chicago 
Presenting a resume of observations on 42 major structures visited 
by special sub-committee 
Causes of Cracking in Mass Concrete 
R. F. BLANKS 
of the Bureau of Reclamation, Denver, Colo. 


Presenting laboratory investigations and field observations. 
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Jan.-Feb. 








2 p.m. 


Tuesday 
Continued 


4:15 p.m. 
Tuesday 


Temperatures, Strains and Stresses in Mass Con- 


crete 
Roy W. CARLSON 

Assistant Prof r of Civil Engineering, Massachusetts [1 
Technology, Cambrid 


Discussion 


Concluding Remarks 
R. E. Davis 


Appointment of Tellers 


Committee Confabs 


At least half the value of convention week is inci 
dental to the scheduled program. Men go to conven 
tions to meet their kind, to discuss problems peculiar 
to small groups, to mingle and debate with individuals 
the ins and outs of problems current in their minds 
or jobs 

As a nucleus for such mingling of men and ideas, 
some of the more active A. C. I. committees are 
assigned tables in the rear of the meeting room—a 
table to each such committee. /mmediately atter the 
Mass Concrete session the Chairman or the Secretary 
or other members of each committee present will 
welcome all comers who have an in interest in some 
phase of the committees work There will be no 
formalities and new A. C. |. members or non-members 
may crack the ice of their diffidence; make themselves 
known and say or ask what is in their minds 

Chairmen of Institute committees are selected with 
a great deal of care. They are competent to represent 
the best thought of the special field to which each one 
is assigned. The confabs begun under such circum- 
stances are not only to be encouraged for their own 
immediate value but because they are a means of 
opening up the doors of the Institute to the full value 
of its personnel. The contacts afforded by the Insti 
tute are an important part of what it has to offer 
The full use of these contacts need not be restricted 
to the hour and a half or two-hour period especially 
set aside for them [hey may be continued at odd 
intervals throughout convention week and they may 
easily ripen into organization experience of great \ alue 

Committees participating are 


108—Properties of Mass Concrete—RAyYMoNpD 
Davis, Chairman 

109—Plastic Flow—Raymonp E. Davis, Chairman 

115—Research—M. O. Witney, Chairman, ING! 


Lyse, Secretary 
312—-Plain and Reinforced Concrete Arches 
CHARLES S. WHITNEY, Chairman 


315—Detailing Continuous Beams and Frames 
A. J. Boase, Chairman 
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409—Recommended Practice in Architectural 4:15 p. m. 
Monolithic Concrete Construction—A. J. 
Boase, Chairman Tuesday 
501—Standard Building Code—A. W. STEPHENs, Continued 


oe 


Chairman; R. R. Zippropt, Secretary 
612—Recommended Practice for Curing Concrete 
Mark Morris, Chairman 
613—Recommended Practice for the Design of 
Concrete Mixes—R. F. BLANks, Chairman 
614—Recommended Practice in Measuring, Mix- 
ing and Placing Concrete—Lewis H_ Tut- 
HILL, Chairman 
714—Recommended Practice for Silo Stave Manu- 
facture and Stave Silo Construction—C 
A. HuGHEs, Chairman 


804—-Wearing Surfaces for Floors—J. FRucnrt- 
BAUM, Chairman 
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Past Presipent A. E. Linpau, Tuesday 7 
| Principles of Shell Dome Design ri 
: 


E. C. MoLKE AND J. E. KALINKA 
Roberts & Schaefer Co., Chicago 
| 
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Thin shell domes of reinforced concrete came from Europe to 
America where there are now eleven such structures. Literature 
of shell domes still lacks the development of the underlying design 
principles which the authors present 
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The Resistance of Reinforced Concrete 
Columns to Eccentric Loads 


F. E. RicHART 


Research Professor of Engineering Materials, University of 


Illinois, Urbana 
AND 
litForRD A. OLSON 


University of Illinois 
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Of more than 2000 concrete column tests on record, only a 
handful employed eccentric loading, or any type of loading which 
produced combined direct and flexural stress. The present paper 
reviews certain of the test data available, presents the results of 
about 80 recent tests conducted by the authors and gives a general 
conclusion as to the strength of eccentrically loaded columns 
Current analyses of stresses in such columns based on the modular 
ratio, n, are reviewed and discussed, and simplified formulas are 
proposed for the design of columns subject to bending. The paper 
should be of interest in connection with the report of Committee 
501, Standard Building Code 
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Standard Building Code—Report of A. C. | 
Committee 501 
A. W. STEPHENS, Chairman; R. R. Z1ppropt, Secretary 
| Preliminary to proposing changes in the A. C. I. Code adopted 


tentatively in 1936 the Committee holds a public hearing on 
debatable code provisions, presenting for discussion proposed 
revisions of: Chapters 1 (General) and 2 (Materials and Tests) 
Chapter 7, particularly Sections 706 and 709, will be presented in 
considerably revised form, to make Section 709 (Floors with Sup- 
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8 p. m. 


Tuesday 
Continued 


2 p. m. 
Wednesday 


ports on Four Sides) more readily usable by designing engineers; 
Chapter10 as particularly related to the design of spirally rein- 
forced concrete columns and probably also Section 1110 (Permissible 
Combined Compressive and Tensile Stress) to make that section 
more usable. Other chapters may also be presented, provided 
the editorial sub-committee has opportunity to act upon them 


CHAIRMEN 
PRESIDENT J. C. PEARSON 
VicE-PRESIDENT JOHN J. EARLEY 
Institute Affairs 


Report of Tellers 

Induction of Officers 

Report of the Board of Direction 
Address by the President 


Construction of the San Jacinto Memorial 
C. A. BULLEN 


W. S. Bellows Construction Co., Houston, Texas 


Mr. Bullen’s paper will deal wth the construction problems 
encountered in building the oo masonry structure in the world 
(570 ft. 6 in —the SanJacinto Memorial.) Among these problems 
being a 6,000 cu. yd. concrete foundation core placed in 57 
hours; a tapering shaft with walls 4 ft. thick in which the con- 
crete was placed against the stone facing and a huge concrete 
star on top of the monument, which has been completed this 
month 


Lightweight Concrete Pavement on the 

San Francisco-Oakland Bay Bridge 
GLENN B. WooprRuUFF 
Engineer of Design, San Francisco-Oakland Bay Bridge, San 
*ranctsco 
This paper telling how light weight concrete was used to save 

an estimated three million dollars on the San Francisco-Oakland 
Bay Bridge, appears in this JOURNAL issue 


Thomas Alva Edison Memorial Tower 


JOHN J. EARLEY 
Architectural Sculptor, Earley Studios, Washington, D. ¢ 


Mr. Earley’s paper describing the work on the new Thomas 
Alva Edison Memorial Tower at Menlo Park, N. J., offers that 
work to the Institute as a thesis to serve as a starting point for the 
labors of the new Institute committee (412) assigned to write a 
recommended practice for architectural concrete of the exposed 
aggregate type. This committee work is in the nature of a response 
toa y oe tei from R. H. Shreve, Vice-President of the American 
Institute of Architects, who addressed A. C. I. at its 33rd annual 
dinner in New York last February and invited the cooperation of 
this Institute with the American Institute of Architects toward 
the further development of reinforced concrete as an architectural 
medium. Mr. Shreve is a member of the new A. C. |. committee 
assigned to take up the task for which his address was the immed- 
iate inspiration 


Recommended Practice for the Design of 
Concrete Mixes 
R. F. BLANKS AND E. N. Vinal 


Bureau of Reclamation, Denver, Colo 


Among recent difficult assignments to Institute committees 
was that to Committee 613, R. F. Blanks, Chairman, to write a 
recommended practice for the design of concrete mixes The 
literature is voluminous and, oftener than not, abstruse. Messrs 
Blanks and Vidal (the latter also a member of the committee) 
will present a 15-minute discussion of the plans of this committee— 
the way it proposes to tackle the job, the nature of the report it 
hopes to prepare on this subject of almost universal interest in the 
field of concrete 
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34th Annual Dinner 7 p. m. 
DeaN MELvin L. ENGErR, College of Engineering, Wednesday 


University of Illinois, will be Toastmaster 


EB ee OE BA GPs SU®O t-% OOD 


PRESIDENT J. C. PEARSON will award: 
The Leonard C. Wason Medal “‘for the most meri- 
torious paper in A. C. I. Proceedings Vol. 33, 1937" 
to R. B. Youn for his “Concrete: Its Maintenance 
and Repair’; 
and the Leonard C. Wason Research Medal for 
“noteworthy research reported to the Institute in 
Proceedings Vol. 33, 1937," to F. E. RICHART and 
TiLForp A. OLson, for their “Rapid and Long-Time 
Tests of Reinforced Concrete Knee Frames.” 

Then there will be music and song and two short 

addresses by 


FRANK T. SHEETS, President, Portland Cement 
Association 

WILLIAM J. CAMERON, of the Ford Motor Co., whose 
nation-wide broadcasts on the “Ford Sunday Even- 
ing Hour’ have given him excellent experience in 
compressing a great deal of matter for thought into 
a very short time 


— 


O44, CRB Le BO pee OK IRON wo 


Concrete Research 


9:30 a.m. 


An open meeting of A. C. I. Committee 115, Thursday 
\ M. O. WitHey, Chairman, INGE Lyse Secretary 


Pee Re re CERT te em ROT eH Br 


Last year’s open session of this Committee was such a success 
that the event will be repeated with a change of program style 
Here is an opportunity to learn of the developments in concrete 
technology before they get to the publication stage This is a 
meeting of, by and for research men, but others will be welcome. 
A selected group of twelve 10-minute papers covering a wide 
range of subject matter will be presented 


er 


ASOT eh, Pa, PT 


CHAIRMAN 2 p.m. 
Vice PresipENT F. E. RicHART Thursday 


Studies of Sulphate Resistance of Cement 
and Concrete 


THomaS E. STANTON, JR. 
Materials and Research Engineer 
AND 
Lester C. MEDER 


Assistant Physical Testing Engineer, Both of California, Division of 
Highways 


For more than three years the Materials and Research Depart- 
ment of the California Division of Highways has been studying 
the comparative resistance of concretes (made from California 
commercial cements of different chemical compositions) to dis- 
integration in the presence of an alkali soil high in sodium and 
magnesium sulphates The paper will bring out the importance 
of the density of the concrete as an aid in durability under these 
special exposures, possibly to the extent of being more important 
than the composition of the cement itself. The outstanding 
features of the paper will be presented at the convention and the 
document is scheduled for publication in the March-April JouRNAI 
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2 p. m. Properties of Concrete Silo Staves 
Thursday D. G. MILLER 


: Senior Drainage Engineer, U. S. Department of Agriculture 
Continued University Farm, St. Paul, Minn 


Mr. Miller has been making a field investigation of silos with 
special reference to concrete stave silos and his paper, which grows 
out of this study, will take up the effects of weathering and silage 
action on low quality staves. It will develop the conclusion that 
few exact data exist regarding factors which influence durability 
of concrete stave silos. Test data will be presented on experi- 
mental staves made up at eight commercial plants in the summer 
of 1937; the effects of mix, (number of staves per bag of cement), 
tamping (the number of tamps per stave), water cement ratio and 
aggregate grading. The paper sets forth the ground work of the 
study to be started under the Institute's new Committee 714 under 
Prof. C. A. Hughes, University of Minnesota, assigned to prepare 
recommended practice for the manufacture of concrete staves 
and the construction of concrete stave silos. 


The Action of Sulphate Solutions on 
Steam-Cured Composite Cement 
Mortars 

T. THORVALDSON 
Professor of Chemistry, University of Saskatchewan, Saskatoon 
AND 
D. WoLocHow 


Associate Research Chemist, National Research Council of 
anada, Ottawa 


The paper, on which Doctor Thorvaldson will base the conven- 
tion presentation of this subject is in print in this JOURNAL issue 
For the convention he will discuss the implications of the study 
and what they may mean in terms of practice 


Concrete Curing Compounds 
H. S. MEISSNER AND S. E. SMITH 


Bureau of Reclamation, Denver, Colo 


Presenting the results of studies by the Bureau of Reclamation. 


CHAIRMAN 
8 p. ™. Past PRESIDENT ARTHUR R. Lorp 
Thursday Rigid Frame Design 


GeorGe A. MANEY 


Professor of Structural Engineering, Northwestern University, 


Evanston, Ill 


Professor Maney will discuss: “Should the method of analysis 
be determined by the type of rigid frame to be designed? He 
will review some methods of design now in use and indicate the 
type of structure to which they are particularly adapted 


Rigid Frame Bridges 
W. M. WILSON 


Research Professor of Structural Engineering, University of 
llinois, Urbana 


AND 
Racpeo W. Kiuct 
University of Illinois 


The paper will report results of an investigation at the University 
of Illinois, made in cooperation with the Portland Cement Associ- 
ation, which will supply a tie between theory and practice for which 
designing engineers have been looking 
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Reinforced Concrete Design Practice 8 p. m. 
ALBERT SMITH Thursday 
Smith & Brown, Engineers, Inc., Chicago Continued 


ee ee, ee ee ee 


The Institute's building regulations for reinforced concrete 
are in for a good deal of attention. In addition to approximately a 
half session for a hearing on specific proposed changes in the code, 
at the Tuesday evening session, the matter of reinforced concrete 
design, as set up in the code is being studied generally from another 
angle. Mr. Smith submitted to a considerable group of Chicago 
engineers and contractors the following questions: (A) Are there 
any important design and construction considerations omitted 
from the code which should and could be included? (B) Are 
any of the provisions of the code either too lax or too severe? 
The result of those questions was a meeting December 28 attended 
by 20 consulting engineers. Discussion was free and vigorous 
It went into matters in regard to footings, vertical steel in tied 
and spiral columns, welded stirrups, re-entrant angles in concrete, 
shrinkage, etc. Mr. Smith's paper grows out of that discussion 
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The A. C. I. Chicago Robert Kingery 
convention committee W. G. Kaiser 
Bernard L. Kelkamp 
R. B. Leffler 

F. R. MeMillan 
John O. Merrill 

C. W. Morey 
Gerald L. Palmer 
George Quinlan 

IF. A. Randall 


is charged with the responsibility of 
bringing the A. C. I. convention events 
to the attention of engineers and others 
particularly interested in A. C. LI. 


RS Pe 9 OP te et Oe oe we 


work and subject matter and the com- 
mittee is and will be active in many 
details of convention arrangements. 


Nee ee 


B. H. Rader and H. B. Emerson, F. E. Richart i 
both of the Chicago office of the Lehigh Richard E. Schmidt j 
Portland Cement Co., are Chairman Albert Smith : 
and Secretary of the Committee and Mayne Stanton i 
the members, representing a wide range N. M. Stineman fe 
of group interests are: W. A. Straw i | 

Harold Vagtborg :! 


B. F. Affleck H. A. Wagner 

W. D. M. Allan Charles 8S. Whitney 
Mark Beeman 

H. P. Bigler 


Robert A. Black The Program Committee 
A. J. Boase in charge of the Convention program 
Lester Brundage is as follows: 
Frank W. Capp F. R. MeMillian, Chairman 
}} Bert Cary Harvey Whipple, Secretary 
W. W. DeBerard P. H. Bates 
A. Epstein Raymond E. Davis 
H. G. Farmer A. E. Lindau 
Loran Gayton Ben Moreell 
Kendrick Harger F. E. Richart 
Morgens Ipsen R. B. Young 
L. S. Keith J. C. Pearson (ex-officio) 
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Board of Direction meets 
February 21 


There will be a meeting of the Board 
of Direction, Palmer House, Chicago, 
at 10 o’clock, Monday, February 21- 
the day before the 34th Annual Con- 
vention. 


Standards Committee to 
meet 


The A. C. I. Standards Committee, 
R. W. Crum, Chairman, is to meet at 
the Palmer House, Chicago, 10 o’clock 
Tuesday morning, February 22. 


Advisory Committee to meet 


The A. C. I. Advisory Committee 
F. E. Richart, Chairman, will meet at 
the Palmer House, Chicago, 9 A. M. 
Wednesday, February 23. 
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Hotel rates for convention 
—make reservations 


The Palmer House, Chicago, has 
been enjoying a thriving business. A. 
C. I. members should not expect to get 
just what they want in accommoda- 
tions for the convention the week of 
Feb. 21 unless they make reservations 
in advance. Below are Palmer House 
A limited number can be taken 
care of at the minimum single room 
rates but there are plenty of rooms at 
the next higher rates to take care of 
any reasonable 


rates. 


advance reservations. 


Give the hotel a chance to serve you 

Make reser- 

vations early and mention American 

Concrete Institute. It will help. 

Single rooms—$3.50, $4.00, $4.50, $5.00, $6.00. 
$7.00, $8.00, $9.00 

Double rooms—$5.00, $6.00, $6.50, $7.00, $8.00, 
$9.00 

Twin bedrooms—$6.00, 


$9.00, $10.00, $11.00 
Suites—$12.00 and up single, $14.00 up double. 


as you wish to be served. 


$6.50, $7.00, $8.00, 





Convention papers and reports are avail- 


able for distribution only upon publication 


in the JOURNAL. 


They then become avail- 


able also in separate prints at 25 to 50c each. 


This announcement is made to discourage 


individual 


requests which 


the Institute 


finds impossible to meet, for prior distribu- 


tion. 
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J. L. Savage Tops 1938 Honor Roll 





Bureau of Reclamation engineers have to be reckoned with. 
It was Charles C. McNamara who headed the list with 12 new 
members sponsored for the year ended January 31, 1937. On 
January 31, 1938, it is a Bureau of Reclamation victory again. 
The top man is J. L. Savage, Denver, who holds the post depression 


record with 31 new A. C. I. 


members to his credit in a 12-month. 


Miles N. Clair, Boston, was the runner up with a good score of 
19, but Mr. Savage passed him two months before the final day. 


There are a number of good scores. 


Look the list over. 


Here you will 


find that in the course of the year 
ended January 31, 138 A. C. I. mem- 
bers sponsored 274 new members 


just two short of two apiece. 


the score: 


J. L. Savage ........ 
Miles N. Clair..... 


Wm. M. Kinney 
Bailey Tremper 
Lewis H. Tuthill 
R. F. Blanks 

M. H. Cutler 
J.C. Pearson. . 


Chas. E. Wuerpel. . 


C. A. Hughes. . 
R. B. Young 


A. G. Tainton.... 


Wm. S. Thomson 
R. W. Crum.. 


L. E. Andrews.... 


H. F. Gonnerman 


Morgan B. Klock.... 


T. C. Knight 
E. A. Lupine 
F. E. Richart 


M. M. Upson... 


E. N. Vidal.... 


Chas. S. Whitney. 


Roy W. Carlson 
J. H. Chubb. 

B. Moreell 

H. C. Shields. . 
R. L. Bertin. . 
A. J. Boase. 

k. K. Borehard 


Here is 


to\ W\ Ww tw 
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Herbert Coffmann 
G. E. Davis. . 


H. G. Farmer 


O. L. Moore. . 
2. W. Ryland 


E. Viens 
J. W. Kelly 


ee 
2 
J. DiStasio.... . 2 
2 
F. P. Kneeshaw . 2 
Herbert J. Knopel 2 
C. C. McNamara... Zs 
2 
2 
R. W. Spencer... 2 
John C. Sprague r 
©. Stanton 2 
2 

1% 

Nathan M. Newmark 1% 


The following one each: 


W. D. M. Allan 
D. M. Asarpota 
Sanford Benham 
A. 3S. Brock 
Wm. B. Cheek 
D. S. Colburn 
Sam Comess 
Miles Kk. Cooper 
Theodore Crane 
H. E. Davis 

R. E. Davis 

F. K. Deinboll 
J. P. Dwyer 
John J. Earley 
R. V. F. Eldridge 
Fritz Emperger 
W. J. Emmons 
L. R. Ferguson 
P. J. Freeman 
Bengt Friberg 
Jacob Fruchtbaum 
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Lion Gardiner 
Herbert J. Gilkey 
Russell Greenman 
K. Hajnal-Konji 
Walter N. Handy 
Winslow H. Herschel 
S. C. Hollister 

H. Walter Hughes 
Loren W. Hunt 
W. G. Kaiser 

J. E. Kalinka 

J. W. Kennedy 
K. H. Klassy 
Wm. J. Krefeld 
G. E. Large 

R. F. Leftwich 
Karl W. Lemcke 
A. E. Lindau 

R. B. MacNee 

F. R. McMillan 
F. N. Menefee 

M. W. Meyer 
Samuel B. Morris 
A. W. Munsell 

J. H. Murdough 
P. M. Noble 

Wm. B. Nowlin 
Charles R. Parks 
D. E. Parsons 

O. G. Patch 

Dean Peabody, Jr. 
H. G. Protze, Jr. 
Warren Raeder 
C. H. Scholer 

G. P. Singh 

A. P. Smyth 

W. T. Steilberg 
Harry A. Stelley 
A. W. Stephens 
K. H. Talbot 

I. L. Tyler 
Walter C. Voss 
Chas. R. Waters 
Benjamin Wilk 

C. D. Williams 
Francis W. Wilson 
Joseph A. Wise 
Clement T. Wiskocil 
F. C. Wood 
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R. R. Zipprodt 
Twenty-two other members have 4 
member each to their credit. 





A. C. I. Members 





Joshua L. Miner 


member of the Institute since 1922, has 
been elected Director and Vice-Presi- 
dent of Atlas Lumnite Cement Co., 
succeeding Major C. Raymond Hulsart, 
deceased. 


John G. Ahlers 

member of the Institute since 1920, 
for some time a Director from the 
Second District, is now idenitfied with 
Hughes-Ahlers, Inc., Builders, New 
York. Mr. Ahlers, long of the former 
Barney Ahlers Construction Corp. and 
about a year ago with Fred T. Ley 
Co., New York, has been active in 
the Institute for many years. 


Inge Lyse 

fesearch Professor of Engineering 
Materials, Lehigh University and 
active member of the Institute since 
1926, was awarded—jointly with Bruce 
G. Johnston of Columbia University 
the J. James R. Croes medal at the 
January 1938 meeting of the American 
Society of Civil Engineers. This 
annual award is for the paper judged 
of second highest merit in A. 8S. C. E 
Transactions—the Norman medal being 
the highest award. The Lyse-Johnston 
award is for the paper “Structural 
Beams in Torsion” an outgrowth of an 
experimental determination of the 
torsional constant for structural steel 
beams at Fritz Engineering Laboratory, 
Lehigh University in cooperation with 
the Bethlehem Steel Co. 





| 
Separate prints of all Institute 
papers become available simul- 
taneously with their publication 
in the JouRNAL. 
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Major C. Raymond Hulsart, 


Vice-President of the Atlas Lumnite 
Cement Co., New York, and most 
agreeably remembered as an active, 
efficient and gracious member of the 
New York A. C. I. Convention Com- 
mittee in February, 1937, died in the 
New Rochelle Hospital Nov. 30 last 
of heart trouble. Major Hulsart was 
54 years old. He had been Vice- 
President of Atlas Lumnite for the last 
sixteen years and spent most of his 
time in the cement field since the 
World War, where his gallantry in 
action brought him the American Dis- 
tinguished Service Cross and _ the 
British Military Cross at the time 
when he was Captain in command of 
Company B, 11th Engineers, engaged 
in the reconstruction of railway tracks 
on the British front. 


He was graduated from New York 
University in 1905. His first connec- 
tion after that was with the Board of 
Transportation of New York in the 
construction of some of the earliest 
subways. Later he was identified with 
the construction of the Catskill Aque- 
duct, becoming Assistant Engineer in 
Charge of Section 4 of the Wall Kill 
Division. After the war and upon his 
discharge from the army he joined the 
staff of the Portland Cement Associa- 
tion. Somewhat later he became an 
officer of the Cement Manufacturers’ 
Protective Association. Resigning that 
connection in 1921 he joined the Atlas 
Portland Cement Co. and soon after 
became Vice-President of Atlas Lum- 
nite Cement Company. 


Members Outside U. S. 


Did you know that 25 per cent of 
A. C. I. membership is outside the 
United States? 


Puzzle-anas 


Under this heading will appear from 
time to time one or more selected prob- 
lems submitted by readers of the 
JournaL The Editor would welcome 
a definite expression of interest in the 
column, pro or con. If problems give 
rise to a considerable number of in- 
quiries, solutions will be published, 
otherwise answers will be mailed indi- 
vidually only to those who request 
them. 





This month we present three “‘vizual- 
ization” problems, to be solved deduc- 
tively, without the use of pencil and 
paper. They are not new, but the 
attempt to solve them mentally is 
stimulating. This is particularly true 
of the third problem, which is a modifi- 
cation of one of the best known “‘trick”’ 
problems. 


The Line men and the Te le phone Pole s 

Jones and Smith, linemen, were 
assigned to set cross arms on new tele- 
phone poles on two streets, each of 
which had the same number of poles. 
The day before they started work they 
drew lots for the street each would 
work upon. Jones arrived first and 
had 3 cross arms in place, when Smith 
arrived and pointed out to Jones that 
he was working on the wrong street. 
Smith then started on the next pole, 
and when he had finished work on his 
street, he went to Jones’ street to work 
backward toward Jones. When they 
were finished Smith had put cross 
arms on 6 poles on Jones’ street. On 
how many more poles did Smith put 
cross arms than Jones? 


The Missionaries and the Natives 

Three missionaries met 3 natives on 
the bank of a stream in an African 
jungle. They all wanted to cross the 
stream, but there was no means of 
crossing other than a crude raft which 
would carry only 2 men at a time. 
Now it was unsafe to leave 3 natives 
with 2 white men together, or to leave 
2 natives and 1 white man together. 
How did they all cross safely? 
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The Suburbanite 

A business man reaches his suburban 
station regularly by train at 5 p. m., 
where he is met by his chauffeur and 
driven home. On a certain day he 
takes a train arriving at 4 p. m. and 
starts to walk home. His chauffeur, 
following the usual schedule, meets the 
man when part way home, picks him 
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up, and they reach home 20 minutes 
earlier than when the regular schedule 
is followed. From his familiarity with 
the road, the man calculated that if he 
had kept on walking at the same rate, 
instead of riding home, he would have 
arrived 20 minutes later than usual. 
How long would it have taken him to 
walk the entire distance? 





Young, Richart and Olson—Medalists 





The Board of Direction of the Insti- 
tute announces the annual award of 
medals, presentation of which will be 
made by President Pearson at the 34th 
annual dinner of the Institute at the 
Palmer House, Chicago, the evening 
of Wednesday, February 23. 

To R. B. Young, Senior Testing 
Engineer, Hydro Electric Power Com- 
mission of Ontario, Toronto, the 
Leonard C. Wason medal “for the 
most meritorious paper published in 
Volume 33, Proceedings, American 
Concrete Institute.’ The paper: 
“Concrete: Its Maintenance and 
Repair.” 

To F. E. Richart, Research Pro- 
fessor of Engineering Materials, Uni- 
versity of Illinois, and Tilford A. 
Olson, University of Illinois, jointly 
(identical medals) the Leonard C. 
Wason Research medal “for notable 
research reported to the Institute” 
under the title, “Rapid and Long Time 
Tests on Reinforced Concrete Knee 
Frames.” 

Both these medal-winning contribu- 
tions were presented at the Institute’s 
33rd annual convention in New York 
in 1937 and are published in the 
JOURNAL of the Institute for March- 
April, 1937. 

Mr. Young, a member of the 
Institute since 1917, has written many 
excellent papers and done important 
committee work. He was a member of 
the Board of Direction as Director 
from the First District (New England 


and Canada) for five years and after 
a lapse of a year he was back on the 
Board in February, 1936 as Director- 
at-Large for a three-year term. The 
1937 Nominating Committee named 
him as a Vice-President of the Institute, 
and being unopposed his election is a 
foregone conclusion. Since his gradu- 
ation from the University of Toronto 
in 1913 Mr. Young has been with the 
Hydro Electric Power Commission of 
Ontario in the Testing Department. 
Much of value to the Institute has 
come from Mr. Young’s ability to see 
problems in concrete design and con- 
struction with the eye of a man close 
to the work. 

Mr. Young was one of the first to 
use the water-cement ratio theory in 
the field, applying it to control of 
quality of the concrete on the High 
Falls development of the MHydro- 
Electric Power Commission in the 
summer of 1919. Though born in 
Minneapolis Mr. Young has spent 
most of his active years in Canada 
where he is a member of the Engineer- 
ing Institute of Canada, the Associa- 
tion of Professional Engineers of 
Ontario, and the Canadian Engineering 
Standards Association. He is also a 
member of the American Society for 
Testing Materials. The total of his 
papers before the Institute and other 
organizations is about half a hundred. 
(See News Letter pages Sept.-Oct., 
1935). Otherwise, his hobby, when he 
has time for a hobby, is photography. 
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Frank E. Richart, Research Pro- 
fessor of Engineering Materials, Uni- 
versity of Illinois, has been a member 
of the Institute since 1917 and a 
member of the Board of Direction 
since 1934—first as Director from the 
Fifth District and as Vice-President 
since February, 1937. He is Chairman 
of the Institute’s Advisory Committee 
in direct charge of the Institute’s 
technical committee work and has 
written many Institute papers. On 
the death of Willis A. Slater, Professor 
Richart succeeded to the Chairman- 
ship of the Institute’s committee on 
Reinforced Concrete Column Investi- 
gation and was in personal charge of 
tests made at the University of Illinois. 


Professor Richart is also a member 
of the American Society of Civil 
Engineers, American Society for Test- 
ing Materials. International Associa- 
tion for Testing Materials, Western 
Society of Engineers, Vice-Chairman 
of the Joint Committee on Standard 
Specifications for Concrete and Rein- 
forced Concrete. He is a member of 
the Institute’s Program and Publica- 
tions Committees by reason of his 
Chairmanship of the Advisory Com- 
mittee; he is also a member of the 
Institute’s Committee 501, “Standard 
Building Code,” and of Institute Com- 
mittees 109, 113, 115, of which last he 
is vice-chairman. 


He was graduated in civil engineer- 
ing at the University of Illinois, B. 8. 
1914, M. S. 1918, D. E. 1922. From 
1913 to 1917 was engaged in various 
engineering practice. Since 1916 he 
has been in the Department of Theor- 
etical and Applied Mechanics at the 
University of Illinois on teaching and 
research in engineering materials. He 
is a registered structural engineer and 
the author of many bulletins and 
articles on concrete and _ reinforced 
concrete. He is a member of Tau 
Beta Pi, Sigma Xi, Phi Kappa Phi 
Honorary Societies. 





Tilford A. Olson is a 1934 graduate 
of the University of Illinois in civil 
engineering with an M. S. in Theoreti- 
cal and Applied Mechanics in 1936 
after which he was a Research Gradu- 
ate Assistant for two years. He is a 
member of Tau Beta Pi, Sigma Xi, Chi 
Epsilon, Tau Nu Tau, Honorary 
Societies. At the time of publication 
of his paper he was employed by the 
Engineering Department of the Chicago 
and Northwestern Railway. Again 
however, he is connected with the 
University of Illinois. He has been a 
member of the Institute since 1936. 





New members 





Forty-eight applications for A. C. I. 
membership in November and Decem- 
ber have been approved by the Board 
of Direction. In the list which follows 
the seven in capital letters indicating 
Contributing Membership are increases 
in support by corporations already 
having contributing memberships. 


Bahmeier, H.F., Box 402, Ashton, Idaho 

Blake, Tenney E., c/o Metropolitan 
Water Dist. of Calif., Banning, Calif. 

Boettner, J. L., 972 Montana Ave., 
Chicago, II. 

Callan, James A., Bureau of Reclama- 
tion, Havre, Mont. 

Cordon, W. A., Bureau of Reclamation, 
Ashton, Idaho 

Flord, William H., 683 Antoinette St., 
Detroit, Mich. 

Gill, James F., 12 Carlton St., Buffalo, 
i. 2 

Gosswein, O. H., Rm. 1580 208 8. 
LaSalle St., Chicago, IIl. 

Gurney, Wm. W., 1056 W. Wabasha 
St., Winona, Minn. 

Higginson, Elmo C., 1220 Cleveland 
Blvd., Caldwell, Idaho 

Johnston, Harold A., Bureau of Recla- 
mation, Havre, Mont. 

Jones, Paul A., c/o U. S. Bureau of 
Reclamation, Glendive, Mont. 
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Jumper, Chas. H., National Bureau of 
Standards, 249 Industrial Bldg., 
Washington, D. C. 

Justice, R. J., Route No. 4, Topeka, 
Kansas 

Killmore, William, U. S. Bureau of 
Reclamation, Cody, Wyo. 

Knight, Elton G., Bureau of Reclama- 
tion, Havre, Mont. 

Larson, Vaud E., Unity, Ore. 

LONE STAR CEMENT CORP., 342 
Madison Ave., New York, N. Y. 
(R. A. Hummel, V. P.) 

LONE STAR CEMENT CORP., 342 
Madison Ave., New York, N. Y. 
(E. Posselt, V. P.) 

LONE STAR CEMENT CORP., 34: 
Madison Ave., New York, N. Y. 
(C. L. Hogan, Pres.) 

LONE STAR CEMENT CORP., 342 
Madison Ave., New York, N. Y. 
(H. R. Durbin, Ch. Chemist 

LONE STAR CEMENT CORP., 1120 
Hibernia Bank Bldg., New Orleans, 
La. (H. A. Sawyer, V. P. 

LONE STAR CEMENT CORP., 
Comer Bldg., Birmingham, Ala. (J. 
W. Johnston, V. P.) 

McKaig, Thomas H., 505 Delaware 
Ave., Buffalo, N. Y. 

McLaughlin, H. M., 90 Somerset St. 
W., Ottawa, Ont., Canada 

Martin, Eliza J., Librarian, Carnegie 
Library, Bucknell University, Lewis- 
burg, Pa. 

Middleton, Harvey, 6252 Rosebury 
Drive, St. Louis, Mo. 

Moser, A. L. B., P. O. Box 56, Coulee 
Dam, Wash. 

Navarrete, Octaviano, Calles 11 y 4, 
Vista Alegre, Santiago de Cuba, 
Cuba. 

Porter, G. W., 1701 Fidelity Bldg., 
Kansas City, Mo. 

Priestley, J. G., Hartford Bldg., 2nd 
Ave. & James St., Seattle, Wash. 
Proctor, Asa G., Box 327, Woodland, 

Calif. 

Raber, Chas. T., Glens Falls Portland 

Cement Co., Glens Falls, N. Y. 
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Richard, Evan L., c/o Somerset Dam, 
via Esk, Queensland, Australia 

Robison, John W., U. S. B. R., Cave 
Creek, Ariz. 

Schantz, C. Paul, Room 665, Broad St. 
Station, Philadelphia, Pa. 

Sieverling, P. A., Universal Atlas Ce- 
ment Co., 630 Brown Marx Bldg., 
Birmingham, Ala. 

Smith, Morris R., Central Concrete 
Laboratory, United States Military 
Academy, West Point, N. Y. 

Stradley, Henry E., Jr., c/o U. S. 
Bureau of Reclamation, Cody, Wyo. 

Sutherland, J. R., Ashton, Idaho 

Taylor, Horace A., 306 Columbia, 
Coulee Dam, Wash. 

Thompson, James H., c/o U. S. Bureau 
of Reclamation, Bartlett Dam, Cave 
Creek, Ariz. 

Thwing, James, 10900 Florian Ave., 

Cleveland, Ohio. 

UNIVERSAL ATLAS CEMENT CO., 
208 So. LaSalle St 
(F. L. Stone, V. P. 

Verhelst, Jose M., Apartado No. 2, 
Cartagena, Colombia, 8S. A. 

Walker, James K., School of Engineer- 


.. Chicago, II. 


ing, Southern Methodist University, 
Dallas, Texas. 
Warning, G. A., Coulee Dam, Wash. 
Woods, Clinton D., Parker Dam, Calif. 





A new list of A. C. I. publi- 
cations—the papers and reports 
published in the JouRNAL from 
Nov. 1929 to Nov.-Dec. 1937 
is available on request of the 


Secretary. 
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Who’s Who in This A. C. I. Journal 





Glenn B. Woodruff 


contributes to this 
convention: 


issue and to the 
“Lightweight Concrete 
Pavement on the San Francisco-Oak- 
land Bay Bridge.” Except for 18 
months military service during the 
World War, Mr. Woodruff’s experience 
since graduation from Cornell Uni- 
versity in 1910 has been confined to 
the design and construction of bridges 
and buildings. His early experience 
includes with the American 
Bridge Co., Northern Pacific Railway 
and the Lehigh Valley Railroad. He 
was four years Bridge Designer and 
four Assistant to the Bridge 
Engineer of the last-named railroad. 


service 


years 


Since 1923, when he became principal 
Ralph Modjeski, Mr. 
Woodruff has been mainly engaged in 


assistant to 


the design of long-span bridges, among 
which Mid- 


Hudson across the 


may be mentioned the 


Bridge, bridge 
Mississippi at New Orleans, the Louis- 
ville, Maysville, and Evansville Bridges 
Ohio, and the 
Palmyra Bridge across the Delaware. 


across the Tacony- 
During this period, his experience on 
concrete included the foundations and 
approaches for these long-span bridges, 
the concrete arch bridges across the 
Susquehanna at Harrisburg and at 
Clarks Ferry, Pa., and also, the check- 
ing of the design of the buildings at 
the Kearny Plant of the Western 
Electric Co. 

In 1930, Mr. Woodruff started in 
private practice and designed the Rip 
Van Winkle Bridge across the Hudson 
River, and other minor structures. He 
gave up this practice in 1931 to become 
Engineer of Design on the San Fran- 
cisco-Oakland Bay Bridge, of which a 
very brief description is given in con- 
nection with the present paper. Con- 
crete work, other than the pavement on 
this bridge, includes the largest and 


deepest foundations ever attempted, 
and an extensive system of approaches 
consisting largely of concrete rigid 
frames, as well as the reinforced con- 
crete viaducts terminal for the 
railway facilities which are now under 


and 


construction. 


Mr. Woodruff has been an A. C. I. 
member 1928 and is also a 
member of the American Society of 
Civil Engineers, American Railway 
Engineering Association, American So- 
ciety for Testing Materials, Society of 
American Military Engineers and is a 
tegistered Professional Engineer in 
New York, New Jersey, Pennsylvania 
and California. 


since 


T. Thorvaldson and 
D. Wolochow 


who contribute “The Action of Sul- 


phate Solutions on Steam Cured 
Mortars” to this 
JOURNAL and to the convention this 
month are both A. C. I 


Doctor 


Composite Cement 


. members. 

born in 
Iceland, went to Canada at the age of 
four, and was educated at Manitoba 
University, Harvard University, Uni- 
versity of 


Thorvaldson was 


Technical 
went to 
Saskatchewan as 


and 
University of Dresden. He 
the University of 


Liverpool 


Assistant 
1914. Becoming interested, through 
Dean C. J. Mackenzie of the School of 
Engineering, in the problem of alkali 
action on concrete in Western Canada, 
he began work on this subject in 1919, 
He was director of chemical research on 
the action of alkali on concrete under 
the Research Committee of the Engin- 
eering Institute of Canada, 1921-1928. 
In addition he has worked on the 
thermochemistry of the silicates and 
aluminates of calcium and the hydra- 
tion of these, more particularly at high 
temperatures. 


Professor of Chemistry in 
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Mr. Wolochow was born in Russia; 
also went to Canada at the age of 4; 
received his education in the high 
schools, University of Saskatchewan 
and California Institute of Technology, 
was graduated from the University of 
Saskatchewan in 1921, received the 
M.A. degree in 1922, the B.Sc. degree 
from the California Institute of Tech- 
nology in 1924. He held the position 
of research assistant on Cement 
Research at the University of Saskat- 
chewan from 1921 to 1923 and from 
1924 to 1930. He then became Associ- 
ate Research Chemist with the National 
Research Council, Canada, at Ottawa, 
and is at present engaged in research 
on asbestos. 


Henry D. Dewell and 
Harold B. Hammill 


both A. C. I. members, contribute to 
this JourNnaL: “Flat Slabs and Sup- 
porting Columns and Walls Designed 
as Indeterminate Structural Frames.”’ 
Mr. Dewell received his degree of 
Bachelor of Science in Civil Engineer- 
ing at the University of California 
in 1906, “being one ot that lucky (?) 
class that on April 18, 1906 was 
shaken out of college and _ subse- 
quently graduated without having to 
take final examinations. (That may 
account for the whole class being 
graduated.) After graduation he en- 
tered the employ of Howard and 
Galloway, Architects and Engineers of 
San Francisco and under them had 
some part in the reconstruction of San 
Francisco after the earthquake and 
fire. When the firm of Howard and 
Galloway became Supervising Archi- 
tects of the Alaska Yukon Exposition 
in the fall of 1907, Mr. Dewell was 
transferred to Seattle and became 
structural engineer on the Exposition 
buildings. In January, 1909 he 
returned to San Francisco to become 
principal assistant engineer to Gallo- 
way and Markwart, Consulting Engin- 
eers of San Francisco whose practice 
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included the design of hydro-electric 
power plants, irrigation, bridges, build- 
ings, and other structures. In Febru- 
ary, 1910 Galloway and Markwart 
became Consulting Engineers for the 
Oro Electric Corp., then planning a 
large expansion of their hydro-electric 
properties. Mr. Dewell became Chief 
of Party in charge of the surveys for 
reservoirs, ditches, pipe lines, power 
houses, and transmission lines. In 
February 1911 he became Chief Struc- 
tural Engineer of the Panama Pacific 
International Exposition and held this 
position until June, 1915 when he 
entered private practice; in April, 1933, 
becoming associated with Austin W. 
Earl, Henry D. Dewell and Austin W. 
Earl, Consulting Civil Engineers. 


Mr. Dewell has been active in the 
American Society cf Civil Engineers, a 
director from 1925 to 1927, Vice Presi- 
dent from 1934 to 1935. He is a 
member of Sigma Xi, Tau Beta Pi and 
Chi Epsilon; some years ago a lecturer 
in Civil Engineering at the University 
of California. He has been interested 
for years in tLe effect of earthquakes 
on structures and in earthquake- 
resistant construction; is a member of 
the Seismological Society of America 
and of the committee of the American 
Society of Civil Engineers on Effect of 
Earthquakes on Engineering Struc- 
tures, and a member of the Advisory 
Committee on Vibration Research at 
Stanford University, contributing arti- 
cles on this subject to the technical 
press. He was one of two technical 
editors on the Uniform Building Code 

California Edition in connection 
with which, the present work on flat 
slabs was done. 


Harold B. Hammill is a graduate of 
the University of California, College of 
Civil Engineering, Class of 1912. Upon 
graduation he worked with the Pacific 
Gas & Electric Co. for two years, then 
to Gary, Ind. to the plant of the Amer- 
ican Bridge Co. to detail steel. Later 
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to New York and while there spent 
some time with the Electric Bond & 
Share Co. on the design of hydraulic 
structures and with the Terry & 
Tench Co. as designing engineer of 
derricks and cranes. 

During the World War he served in 
the Navy Department on the construc- 
tion of Radio Station. 
California in 1919 he 
spent one year with the Pacific Gas 
& Electric Co. and then worked with 
John B. Civil 
Engineer. In 1923 he became associ- 


Lafayette 
Returning to 


Leonard, Consulting 
ated with Mr. Leonard in consulting 
practice, beginning with 1927 
opened his own office and has been 


and 


engaged in structural engineering since 
chat of Mr. 
Leonard he designed over 30 bridges, 
Dur- 
ing several years following 1927 he 
Within 


recent years he has prepared plans for 


time. As an associate 


many being concrete structures. 
designed a number of bridges. 


the earthquake resistant construction 
of a large number of school buildings. 

Mr. Hammill was Secretary-Treas- 
urer of the San Francisco Section Am. 
Soc. C. E. from February, 1925 to 
June, 1926 and from October 1929, to 
1934. 
as vice president of the San Francisco 
Section. 


December, He is now serving 
He has served as Secretary- 
Treasurer and as vice-president, and 
is now serving as president of the 
Structural Engineers 
Northern California. 


Association of 


William F. Lockhardt 


6 


Vacuum Concrete,” 


says he “combines worst features of 


who contributes 
architect, engineer, and contractor.” 
He entered the construction industry 
as draftsman and construction 
superintendent for Ernest Flagg, archi- 
tect, once well known for such work 
as Singer Building, Naval Academy, 
Corcoran Art Gallery. 

Turner Construction Co. 


later 


Later to the 
organization 
after a couple of concrete jobs for Mr. 


Flagg. During the period 1914-22 he 
had variety as Superintendent of 
Construction, Plant Engineer, and 
designer and controller of concrete 
mixes, and he says “the fellows on the 
job weren’t so enthusiastic about the 
water-cement ratio back in 1920.” 
There was also a brief sojourn in 
the Construction Division of the U. 8. 
Signal Corps and another in the Q. M. 
C. as Ass’t. Constructing Q. M. on 
the Brooklyn Army Base. He did 
good Institute work as secretary of 
A. C. I. Committees C-1 Contractor’s 
Plant and C-4 Metal Forms, and con- 
tributed a paper on “Building Codes 
and their relation to the 


’ 


Concrete 
Products Industry.’ 

In general charge of products and 
structural promotional activities of 
New York Office of Portland Cement 
Association 1922-29, he left to assume 
Directorship of National Terra Cotta 
Society.““The operation was successful 
but the patient died 1932 
about a ‘recession’ in business” 
Mr. Lockhardt. After a year with 
the Keystone Portland Cement Co., 
New York and Philadelphia as manager 
of technical department, he returned 
to the Portland Cement 


as assistant 


something 


says 


Association, 
district manager of the 
New York territory. He left in 1937 
to become Vice-President 
Concrete Corp., New York. 


of Vacuum 


Joseph A. Wise 


a comparatively new A. C. I. member 
who contributes: “Circular Flat Slabs 
with Central Column,” did his first 
work in the field of Structural Engin- 
eering in drafting in Hull Division, 
Mare Island Navy Yard, 1915-1918. 
He was graduated, University of 
1921 with B. 8S. (C. E.) 
degree; was Junior Drainage Engineer, 
U. S. Dept. of Agriculture, stationed 
at St. Paul, 1921-1923; 
Instructor in Structural Engineering, 
University of Minnesota, 1923-1925. 


California, 


Minnesota, 
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Entered U. S. Navy, Corps of Civil 
Engineers, as Lieutenant (j.g.) by 
examination and was stationed at 
Washington, D. C.; Charleston, West 
Virginia; and Puget Sound Navy Yard, 
Bremerton, Washington. He resigned 
in 1927 to return to Minnesota as 
Assistant Professor at the University. 
At present he is with University of 
Minnesota as Associate Professor of 
Structural Engineering. He is co- 
author with Dalton G. Miller of 
Bulletin 52, University of Minnesota 
Experiment Station, “Experimental 
and Mathematical Analyses of Drain 
Tile Testing and New Test Bearing;”’ 
assisted in preparation of “Standards of 
Design for Concrete,” U. S. Navy 
Department, Bureau of Yards and 
Docks; is author of papers on analysis 
of flat slabs by the Method of the 
Elastic Web, in A. C. I. JourNnat, 1928 
and 1929. Professor Wise is also 
interested in the structural design of 
airplanes. He was consulting engineer 
for Mohawk Aircraft Co. 


Miklos Hetenyi 


not an A. C. I. member, was born in 
Hungary, Nov. 5, 1906 and obtained 
a general education in the schools of 
Budapest. Technical education was 
gained at University of Budapest and 
received Ph.D. degree at University 
of Michigan. He was assistant to 
professor at the University of Buda- 
pest, 1930 for 8 months and assistant 
to consulting engineers in Buda- 
pest, 1931-32 and was with the 
Hungarian Ministry of Commerce, 
1932-34, for two years and the Royal 
Hungarian Railroad, for a short time 
in 1934. Since July 6, 1937 he has 
been employed by Westinghouse Re- 
search Laboratories, East Pittsburgh, 
Pa. 
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Every square inch of rail steel 
reinforcement provides not less 
than 50,000 pounds of useful 
elastic strength which may be 
applied to design economy or 
safety or both. In the trend 
to high-elastic-limit materials 
this basic property of rail steel 
cannot be overlooked. Rail 
steel is specified by referring to 
A.S.T.M. Specification A 16-35 
or to Federal Specification OQ- 
B-71. Detailed information 
may be obtained by writing the 


Rail Steel Bar Association 
Builders Building, Chicago 


RAIL STEEL 


for concrete 
reinforcing 
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WATER 


AND CONCRETE 








“WV ATER's all right to wash with—but who ever heard of 

drinking it!” The old saying applies to concrete, too: 
Plenty of water externally, in curing—but not too much 
internally—that is, in the mix. 


That is the essence of the watertight concrete problem: 

Right proportions of cement and water—good sand and stone 
place concrete without segregation. Then, cure thoroughly 
important because: 


Concrete cures or hardens through chemical reaction between 
cement and water. If it dries out too soon, hardening stops 
and concrete may be porous and leaky. It used to be necessary 
to keep concrete wet 10 days—too long for most jobs. Result, 
not enough curing—concrete quality suffered. 

That is why ‘Incor’ 24-Hour Cement makes it ever so much 


easier to get strong, dense, watertight concrete—because 
‘Incor,’ an improved Portland cement, combines with water 
five times as fast. So it cures watertight in 24 to 48 hours 
instead of 7 to 10 days. Better concrete, 6 to 8 days sooner. 


Use ‘Incor’* as an added safeguard in structures that have 
to be watertight. Write for copy of illustrated book entitled 
“Watertight Concrete.” Lone Star Cement Corporation, 
Room 2231, 342 Madison Avenue, New York. «reg.u.s 


Pat. Off. 








LONE STAR CEMENT CORPORATION 


MAKERS OF LONE STAR CEMENT - - - ‘INCOR’ 24-HOUR CEMENT 
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Tibor Gyengo 

who contributes to this JouRNAL: 
“Effect of Type of Test Specimen and 
Gradation of Aggregate on Compres- 
sive Strength of Concrete,’’ was born 
on March 27, 1910 in Szeged, Hungary. 
He studied civil engineering at the 
Jozsef Technical University in Buda- 
pest and received there his degree in 
civil engineering on Feb. 16, 1932 
(Dipl. Ing.). He became assistant on 
reinforced concrete structures with 
Prof. Dr. Ing. V. Michailich, professor 
of civil engineering, and did research 
work three years in concrete and rein- 
forced concrete in the Concrete and 
teinforced-Concrete Laboratory of the 
University. He spent a year in the 
United States in 1932-33 on the Smith 
fellowship, visiting Princeton Uni- 
versity, Lehigh University, University 
of Illinois, Ohio State University and 
working with Prof. George EF. Beggs, 
Prof. Inge Lyse, Prof. Clyde T. Morris, 


Prof. Wilbur M. Wilson and Prof 
Frank E. Richart. In 1934 he became 
member of the Hungarian Society of 
Engineers and Architects and is now 
secretary of the Road, Railroad and 
Bridge-Building Department of the 
Society. He left the University in 
1935 and was appointed to the Bridge- 
Building Department of the Hungarian 
Ministry of Commerce and Traffic and 
in this capacity worked on the recon- 
struction and widening of the Margaret 
bridge, over the Danube in Budapest 
In the winter of the year 1937 he was 
in charge of the building of the two 
hangars at the new airport of Buda- 
pest. In summer 1937 he was appointed 
to the Board of Public Works of 
Budapest where he is now employed 
His publications: ‘Cross’ Two Methods 
of Structural Analysis;’” “Theory of 
Arch-Bridges;”’ and ‘‘Research Work 
of the American Engineering Labora- 


to. 1¢ a”? 


A new list of A.C TI. publications appearing nm the 
/ | ] 
JOURNAL 1929-1937 18 avatlable on reque st of the 


Institute Secretary. 




















Vol. 34 PROCEEDINGS OF THE AMERICAN CONCRETE INSTITUTE 


JOURNAL 
of the 
AMERICAN CONCRETE 
INSTITUTE 
7400 SECOND BOULEVARD, DETROIT, MICHIGAN MARCH-APRIL 1938 


President’s Address at 34th Annual Convention 
Future Policies of the Institute 
By J. C. PEARSON 


On this occasion the retiring president is privileged to select his 
own topic for discussion. Usually he chooses to discuss some phase 
of Institute affairs, and my remarks this afternoon will conform to 
the established pattern. I wish to lay before you a matter which has 
occupied the attention of the Board of Direction for the last year or 
two; a very important matter so far as the future welfare and use- 
fulness of the Institute are concerned. 


For some time the Board and the administrative committees have 
been aware that the trend of the papers published in the JourRNAL is 
toward the more academic and highly technical type, or perhaps it 
would be more nearly correct to say that the proportion of this type 
of papers has been increasing during recent years. The effect of this 
is that many of our members who are concerned with the actual 
making of concrete find less to interest them in the JouRNAL, and 
consequently less to interest them in the Institute itself. Should 
this trend be allowed to continue, or should more definite policies 
be adopted governing the selection of subject matter for our pub- 
lications, with a view to better balance between theory and practice? 


In this connection announcement was made in the JouRNAL some 
months ago of steps taken by the Board to promulgate better standards 
of practice through safeguards that will overcome most of the criticisms 
of the past. This is coupled with a policy of putting more pressure 
on committee productivity. In addition, the Board has now declared 
for a better balance of our technical contributions with those regarding 
the use of concrete, and more papers of the theoretical and research 


(377) 
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type in which the authors indicate more specifically the applications 
of their findings to practical ends. 

All this is excellent as far as it goes; it should enhance the value 
of the Institute’s work, and should create an enlivened interest in 
its members. But not a great deal of detail in connection with this 
more democratic policy has yet been worked out. In fact, a consider- 
ation of the ways and means of bringing about the suggested changes, 
and of how far we should go in our endeavors to be of greater service 
to the concrete industry, brings up some rather definite questions. 
It is my purpose to discuss some of these questions and to urge that 
the new course we propose to steer should be more definitely charted. 

At the start, we assume that the new policy will increase our income, 
partly by attracting more members, partly by increasing sales of 
publications. One of the most effective means of putting the new 
policy into effect immediately, and of getting more of the sort of papers 
and reports that we should like to have as soon as possible, would be 
an increase in the staff of the Secretary’s office. But during the 
recent lean years, our too small surplus has been approaching the 
minimum consistent with safety, and on this question I take the more 
conservative viewpoint, not so much because we might wipe out most 
of our surplus, but because I believe we can best test the effectiveness 
of our policy without any considerable increase in the budget. The 
belt was fairly tight during the depression years; during the last 
year we have made a good gain in membership; now we are again 
confronted with business uncertainties; let us demonstrate that the 
proposed plan will work on its own merit, even if slowly. Then we 
shall know better what action to take during the next fiscal year. 

However, it seems to me that a more important matter than the 
manner of approach to this new objective is a clearer picture of the 
objective itself. I have felt that my own rather liberal views are 
shared by many who have been active and constantly helpful in carry- 
ing on the Institute’s work; I feel that this is the proper time to set a 
definite goal, and to ask ourselves just what sort of organization this 
American Concrete Institute ought to be, eventually. For years 
we have dodged this question, and we have drifted in a direction that 
is not exactly the direction we think we ought to be taking. Now 
that we have decided to alter the course, let us look beyond the 
horizon and proceed with a definite objective. In this way we can 
make all our moves fit into the larger plan. 

At this time we admit to membership anyone who has an interest 
in concrete, regardless of his affiliation or technical training. He may 
be able to read only a small part of what is printed in the JourNAL, 
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but he may be a sincere student of concrete from some angle or other. 
His type is represented, let us say, by many who are concerned with 
the production of concrete materials, by many in the products and 
construction industries, in the testing laboratories, and not infrequently 
in the executive and sales departments of corporations that have a 
definite interest in the welfare of the concrete industry. I believe 
there are thousands of these who are potential members of the In- 
stitute, if they understand that the Institute is willing to furnish 
them the sort of information they can use—technical information, 
but not so highly technical that it won’t answer the questions arising 
constantly from concrete jobs of all kinds. The question is, does the 
Institute care to cater to the needs of this large group, or doesn’t it? 
It seems to me that the slogan, or the motto—whatever you wish to 
call it—which is printed on every cover page of our JouRNAL is practic- 
ally an invitation to anyone to join with us who desires to know more 
about concrete, but if he is merely to be tolerated and not assisted, 
he won’t be interested. 


This, I think, is a problem for our professional members to consider. 
for all of us to consider. Personally, I see nothing incompatible with 
professional dignity in reaching out a helping hand to those who want 
to learn—in fact, I would have a higher regard for the Institute if it 
would not confine itself exclusively to the discussion of highly technical 
subjects. I would not for a moment advocate passing up any of this 
material, but I am very strongly for broadening our objectives and 
our service, for addition of more material that comes closer to practical 
problems of the industry. I believe such a policy will greatly increase 
our influence. 


Having thus outlined my general views, let me be somewhat more 
specific in regard to certain details. We are now definitely committed 
to a solicitation of more contributions dealing with the use of concrete. 
These are more difficult to get than papers on research and reinforced 
concrete design, and they will likely come more often from suggestion 
than voluntarily. Let us endeavor to keep this idea of suggestion in 
mind. 


Again, many of our committees are assigned to the development of 
recommended practices and to the study of specific problems. I 
would urge that we focus more sharply on those problems of which 
the solutions are most needed, and endeavor to assign them to groups 
who have a more or less vital interest in their solution. Our experience, 
and that of other societies, has indicated this to be the only way in 
which voluntary committee work can be really productive. 
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It would seem desirable also to encourage the offer of oceasional 
short papers, say of 3 or 4 pages, dealing with the solutions of plant, 
job, or laboratory problems, with novel uses of concrete, with test 
results from limited investigations. I can think of a number of such 
subjects from my own contacts that would make interesting and 
profitable reading, but we haven’t been accustomed to the idea that 
such papers are wanted. This is a promising experiment, and should 
be tried. 

I would also favor devoting a section of the JouRNAL to an open 
forum for the discussion of specific concrete problems as they are 
encountered in practice, with opportunity for specific questions and 
answers. I should like to see more opportunities for general discussion, 
in the form of letters-to-the-Editor; there should be a lot more ab- 
stracts of pertinent informal technical bulletins issued by the Govern- 
ment Bureaus, the Portland Cement Association and others: there 
should be more of that comradeship and dissemination of knowledge 
that is the declared purpose of the Institute. 

These innovations would mean a considerable change in the content 
of our JouRNAL, and I believe they would lead to an early return to 
the original publication schedule of 10 issues per year. Beyond that 
we might look forward eventually to two periodicals, if it should b« 
found desirable to segregate the heavier material from the lighter. 

Finally, I would leave with you the reminder that a considerabl 
part of our income is derived, directly or indirectly, from the producers 
of concrete materials—cement, aggregates, and reinforcing steel. 
Why should not the Institute acknowledge this vital support by fur- 
nishing these groups with information that they cannot afford to be 
without? I am refering, of course, to technical information, but much 
of it in simpler and more understandable form than it has assumed 
heretofore. This may seem to involve competition with other technical 
societies, but it is not really so. On its proper course, the Institute 
will continue to contribute new knowledge of concrete, but it will 
also gather and publish information from other sources. My vision 
of the Institute of the future is that of a great clearing house for con- 
crete information, its prime function being to announce the principles 
and facts discovered by the experts, and to interpret them and broad- 
cast them in such manner that the laymen can understand how to 
put them to work. 
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Modern silos in the Upper Mississippi Valley represent a total 
investment of considerable proportions. In Minnesota, expenditures 
for permanent silos of various types have run well over a half million 
dollars per year for a number of years and probably have exceeded a 
million dollars for each of the four years 1934-1937. Wisconsin alone 
has more than 100,000 silos with some of the counties averaging more 
than one silo per farm. If the average cost of a Wisconsin silo is 
estimated at $300.00 the capital investment for silos in this one state 
is in excess of $30,000,000. Replacement would cost considerably 
more than this figure, as prices of present-day silos run from five to 
eight hundred dollars and upward. The first cost of a modern silo 
is high, but the upkeep is low if the design is correct and the materials 
of construction are durable. On the other hand, these high costs 
can not be justified for short-lived structures. 


During 1937 some 200 masonry silos in Iowa, Minnesota, South 
Dakota and Wisconsin were examined. Inside and outside photographs 
were taken of 60 silos deemed of particular interest in durability studies. 
Generally, a fairly satisfactory history was obtained regarding age of 
structure, manufacturer, original cost, ete. Also during 1937, a total 
of 1350 silo staves were collected from 9 different plants and later 
subjected to various tests in the laboratory. As the field investigations 
progressed, it became evident that wherever a concrete stave or a 
monolithic silo was showing undue signs of deterioration, the cause 
nearly always was attributable to weathering or to the acid action of 

*Presented at the 34th Annual Convention American Concrete Institute, Chicago, February 22-24, 
1938. (Approved as Journal Series Paper No. 1591 of the University of Minnesota 
tSenior Drainage Engineer, U. 8. Dept. of Agriculture, University Farm, St. Paul, Minn 
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Fig. 1 (LeErt)—CLOsE-vuP VIEW OF 16 x 40 FOOT CONCRETE STAVE SILO 
AFTER 20-YEAR SERVICE. MANY OF THESE LOW QUALITY STAVES ARE 
BADLY DISCOLORED, CHECKED, AND CRACKED DUE TO WEATHERING 
Fig. 2 (R1GHT)—WEATHERING FAILURE OF MONOLITHIC CONCRETE SILO 

AFTER 21 YEARS OF SERVICE 


ensilage. Characteristic examples of these two types of action are 
shown by the accompanying illustrations from photographs. It was 
noted in a number of cases that poor silos of all types occurred in 
restricted areas, indicating that perhaps there had been a common 
cause of failure. 
WEATHERING ACTION 

The manifestations and common causes of the weathering of concrete 
(Fig. 1 and 2) are too well known to warrant more than the following 
summarization in this paper with respect to silos: 

1. Very bad examples of weathering were observed in silos built 


of concrete silo staves, both dry-tamped and wet-tamped, and in 
monolithic silos, 


2. The worst examples of weathering of monolithic concrete silos 
were observed in four silos within an area only a few miles across. 
It is known that the same contractor built two, possibly three, of 
the four silos, using aggregates from a single pit. 
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Fic. 3—InrEeRIOR OF 10 x 35 FOOT DRY TAMPED STAVE SILO AFTER 
12 YEARS OF SERVICE. NOTE THAT SILAGE JUICES HAVE DISINTEGRATED 
ONE STAVE FULLY HALF THROUGH WITH OTHER STAVES IN BAD CON- 
DITION. A RE-WASH COAT CONCEALS MUCH ETCHING OF OTHER STAVES. 


SILAGE ACTION 

The rate and degree of action of ordinary corn silage (Fig. 3) on 
concrete silos is dependent on a number of factors, more or less con- 
trollable. 

The recommended practice is to cut the corn for silage when the 
kernels are approaching the hard dough stage. Corn cut at this 
time produces good-keeping, so-called “sweet’’ silage which has a 
total moisture content around 70 per cent, of which only a small part 
is free moisture. A silo filled with such silage probably at no time is 
subjected to hydrostatic water under any head whatever, or at most 
under very slight head. However, not infrequently corn is cut both 
greener and more mature than is desirable. When the corn is cut too 
green the juice is pressed out during, and shortly after, filling. This 
builds up true hydrostatic head, which may produce a so-called 
“boiler” around which the barn yard is flooded with fermenting 
juices. When corn is cut too dry, some water must be added to 
facilitate packing; otherwise much air is retained in, or later enters 
the mass to cause moldy and spoiled silage. Water so added, if in 
excess, may also bring about a hydrostatic head similar to that of 
green silage, although the composition of its fluid is not lik» that of 
corn juice, 

During recent years a new feature of silage preservation has de- 
veloped which, if extended to any considerable degree, further com- 
plicates matters. This is the use of grasses and legumes for silage 
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made possible by adding mineral acids when the silo is filled. Phos- 
phoric acid is used in one process and a mixture of hydrochloric and 
sulphuric acids in another. Not only do these processes introduce 
into the picture additional and new acids, but the processes call for 
adding from 7 to 24 or more gallons of strongly corrosive solutions 
per ton of silage, with all the attendant possibilities of leakage due 
to excess of free moisture and hydrostatic pressure. Still another 
process calls for making silage of grasses, cereals and legumes by 
addition of 5 gallons of molasses per ton of silage, thus raising the 
question of sugar action. 
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Coming back to the action of ordinary corn silage such as is found 
in probably more than 90 per cent of the silos of the Upper Mississippi 
Valley: 

It is generally assumed that the common acids of corn silage are 
volatile acids consisting very largely of acetic acid and non-volatile 
acids generally calculated as lactic acid although not necessarily 
always wholly lactic acid. The degree of acidity of good silage ex- 
pressed in pH values, will range between pH 3.40 for the most acid 
and pH 3.80 for the least acid. These values indicate very mild acidity, 
about that of unsweetened cherries or apricots, but as acids they will 
react with the cement until neutralized or until the cement is gone. 


» 


Chemical action requires moisture and is, of course, greatly in- 
fluenced by temperature. Good silage is not wet and soggy but is 
firm, moist, and spongy. In studying the effect of the action of 
normal silage on concrete, we are interested in the general character- 
istics only so far as they influence the properties of the portion at the 
extreme edges in direct contact with the silo wall. It was long ago 
observed that the quality of silage at the wall differs somewhat in 
odor and color from that at greater depths. The reasons generally 
suggested for this are heat losses through the walls during the early 
stages of fermentation accompanied by air and water passage. Prof. 
C. F. Rogers of the Division of Agricultural Biochemistry of the 
University of Minnesota Agricultural Experiment Station and member 
of American Concrete Institute Committee 714 has collected and 
examined samples of silage taken from the outer edge to the center 
and at different levels of a large number of silos within recent years. 
He reports that with but few exceptions acidity of silage at the ex- 
treme edges is somewhat less than is the bulk of the silage as indicated 
by pH determinations. As an example, in one silo the pH value of 
the silage was 4.0 at the edge and 3.7 at the center. Professor Rogers 
also states that it is his general impression that the silage at the edge 
ordinarily appears somewhat drier than further in, although actual 
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moisture determinations have been made in but few cases. Even 
assuming that ordinarily the outer edge is drier than the bulk of the 
silage, it is entirely possible that at certain times and under certain 
conditions it may be wetter. Relatively dry silage in direct contact 
with the interior face of a silo will tend to reduce intimacy of contact, 
and this will tend to retard chemical action while relatively wet silage 
would have the opposite effect. This is an important consideration 
in connection with studies of silage action on concrete and it is now 
planned to determine moisture changes on the outer several inches of 
silage in a number of silos throughout the coming season. 

The influence of temperatures in connection with silage action need 
be considered here only to the extent of mentioning that conductivity 
of the walls of a concrete silo is such that temperatures of the silage 
at the edge will closely follow outside air temperatures. Therefore, 
following filling around mid-September, the silage in direct contact 
with the walls of silos of the upper Mississippi Valley will range from 
cool to frozen most of the time after the first few weeks. 

Briefly summarizing the preceding several paragraphs, it may be 
said that known conditions which favor durability for concrete silos 
with respect to acid action of normal corn silage are: 

1. Relatively mild acids as indicated by pH values of 3.4 to 3.8 
for good silage. 

2. Relatively low temperatures in many silos during the normal life 
of the silage. 

Factors which are known to make conditions unfavorable for 
cement mortars and concretes in silo construction are: 

1. Excess moisture in silage cut too green. This will cause a general 
downward movement of acid-forming water throughout the silo, and 
some of this water will move along the inner wall and leak through 
poor joints. Juices from green corn silage are not essentially more 
acid than are juices of silage from more mature corn, although the 
volume of acid may be greater due to the greater volume of juice and 
the greater quantity of fermentable sugar. It is the movement of 
this greater volume of this liquid, constantly bringing new acid into 
direct contact with the face of the concrete that causes the greater 
surface etching. Also, if a silo has tight joints the hydrostatic head 
will be greater in the case of very wet silage and this added pressure 
will cause increased penetration of the staves that are permeable. 

2. Adding excessive quantities of water when the corn is cut dry 
or when acidifying with mineral acids in conjunction with the ensiling 
of grasses and legumes. 
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Fic. 4 (LEFT)—SILO OF DRY-MIXED CONCRETE STAVES IN FIRST-CLASS 
CONDITION AFTER 23 YEARS OF SERVICE. THIS IS A 16 x 55 FOOT SILO 
ORIGINALLY BUILT 40 FEET HIGH AND LATER RAISED 15 FEET 


Fig. 5 (R1IGHT)—INTERIOR VIEW OF SILO OF FIG. 4 SHOWING THE 
EXCELLENT CONDITION OF THE NEAT CEMENT MORTAR JOINTS. NOTE 
ALSO THAT ETCHING OF THE STAVES IS SUPERFICIAL 


So much regarding some of the factors involved in the use of concretes 
and mortars for silo construction. The question, however, still 
remains unanswered: How long should a concrete stave silo be 
expected to give satisfactory service? 

FIELD INSPECTION OF SILOS 

As an initial and essential step looking toward an answer to the 
above question, field examinations of existing silos were made during 
1937. Some of the high points of the field investigations are illus- 
trated and the captions are self-explanatory. Only those deemed of 
constructive interest will be discussed here. 

The pictures of Fig. 4 and 5 are of particular interest in that they 
show exterior and interior views of one of the oldest dry-tamped 
stave silos in Minnesota. This silo is 16 x 55 ft. the lower 40 ft. having 
been erected about 1914 while the upper 14 ft. were added in 1923. 
After 23 years of service, this silo is still in first-class condition, both 
on the outside and on the inside. The interior surfaces of the staves 
are etched only superficially and the mortar joints are in excellent 
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Fic. 6— THREE VIEWS OF HAND TAMPED DRY MIX CONCRETE SILO 
STAVE AFTER HAVING BEEN BURIED IN THE SILAGE IN A SILO FOR 
TEN YEARS. REFER TO TEXT FOR DETAILS 


condition. The mortar appears to be neat cement, and was said to be, 
well brushed into place, and the condition of the joints gives striking 
evidence of the durability of a rich mix after exposure in this silo for 
23 years. Shrinkage cracks were evident in the mortar, but the bond 
at all the joints was almost perfect. If it reasonably could be expected 
that joints of the high quality shown in Fig. 5 could be duplicated in 
other silos, the cost of neat cement mortar would be well justified 
because any etching of the exterior surfaces of staves by acid juices 
resulting from leakage would be eliminated and the quality of the 
silage at the edges would be improved because of less air leakage. 
Another of the photographs of unusual interest is Fig. 6 in which 
are shown a number of views of a hand-tamped silo stave. This 
stave has had a very unique history in that it lay in the center of a 
silo at the extreme bottom for ten successive years. It was stated by 
the owner of the silo that this stave lay untouched for the entire ten 
years in a ‘“‘soupy” mixture of ensilage until 1937 when the silo was 
thoroughly cleaned out for the first time. The owner of the silo further 
stated that during the ten years the silo had been filled with silage 
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Fic. 7—VIEW OF FRACTURED SURFACE OF STAVE OF FIG. 6. DARKENED 

MARGINAL AREA SHOWS MOISTURE PENETRATION IMMEDIATELY AFTER 

MAKING THE TRANSVERSE STRENGTH TEST FOLLOWING SOAKING IN 
WATER FOR 48 HOURS 


of corn of all degrees of maturity, ranging from very green and wet 
to corn so dry that considerable water was added. When this stave 
was removed, at the request of the manufacturer, the workmen failed 
to note which side was uppermost. This is unfortunate because one 
side and the ends and edges are badly etched while the pallet side is 
about as smooth as when made (Refer to Fig. 6). It is entirely 
possible that the pallet side lay face down during the ten years and as 
a consequence was protected to a considerable degree from attack. 
It is also possible that the pallet side of a dry tamped stave, as gen- 
erally made, is more dense than is the upper face. Undoubtedly 
such was the case with this stave as indicated by Fig. 7. The really 
surprising thing, however, is the fact that, badly etched as it was 
after exposure to silage for ten years, the stave tested 184 lb. per inch 
of width or more than twice the strength of 90 lb. as required by the 
A. C. I. specifications. Tests of a single stave is slender evidence 
upon which to base conclusions, but it certainly is worthy of note 
that this was a 74-per-bag stave, at ten years it had an absorption 
of 3.1 per cent and showed no percolation under a head of 15 feet. 
Fig. 7 shows the depth of penetration due to absorption after soaking 
48 hours just previous to testing for transverse strength. It is interest- 
ing to note that the depth apparently is closely related to effectiveness 
of tamping because penetration was greatest in those parts of the 
section of the fracture which may well be assumed to have been com- 
pacted least by tamping. 

As a result of the tests of this stave, it is contemplated the coming 
summer to make comparative tests of staves taken from different 
levels of existing silos of various ages and of known histories. Much 
may be learned from such tests regarding the life expectancy of silo 
staves under actual field exposure conditions. 

TESTS OF COMMERCIAL AND EXPERIMENTAL STAVES 

The mix used in making commercial dry tamped concrete silo staves 

under existing plant conditions must conform to certain limitations 
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of aggregate grading and consistency. For instance, it has not proved 
feasible to use coarse aggregate of maximum size exceeding 3/8 in. 
Also, in practice it has not been found feasible to step-up the ratio of 
roofing gravel, ‘‘pea’’ or ‘‘buckshot’”’ (3/8 to No. 4 screen size) to 
that of sand much above 1 part gravel to 2 of sand on account of the 
resulting harshness producing staves which appear rougher than 
desired by most manufacturers. Acually, the rougher dry-tamped 
staves may be, and usually are, of higher quality than are smoother 
staves when judged by any standard other than that of smoothness. 





Kia. 8 EXAMPLES OF HIGH GRADE MONOLITHIC CONCRETE SILOS. THESE 
SILOS ARE IN GOOD CONDITION, BOTH INSIDE AND OUT, AFTER 25 YEARS 
OF SERVICE. STAINS ON THE ONE SILO ARE FROM THE ROOF 


The importance of working into the mix the greatest proportion of this 
relatively coarse material can not be overestimated as a factor for 
increasing the quality of dry-tamped concrete silo staves. Dry con- 
sistencies are favored because almost any appreciable slump at the 
time of stripping the jacket results in enough deformation of the 
stave to cause some slowing down of the erecting crew, particularly 
if the stave is deformed so badly as to crack and require replacement as 
the hoops of the silo are being tightened. Ordinarily, a water cement 
ratio around 3.5 gallons per sack is about as wet as has proved work- 
able in the manufacture of dry-tamped staves of the richer mixes, 
This ratio may be as high as 4.5 gallons for staves of the leaner mixes. 
The resulting mix is so dry that compaction by the tamping shoes 
frequently is far from satisfactory, and relatively low strength, high 
absorption and high permeability staves are produced. 
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With limitations of aggregate grading and consistencies of the mix 
so narrowed, the next step is to increase the quantity of cement in 
the mix because, after all, this generally has been found to be perhaps 
the most dependable means of raising the standards of dry-tamped 
silo staves. 
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Fic. 9—EXAMPLES OF MODERN 14 x 40 FOOT DRY TAMPED CONCRETE 
STAVE SILOS, ERECTED 1936 


During the season of 1937, various tests were made of dry-tamped 
silo staves from 9 different plants with results as shown in the graphs 
of Fig. 10 to 15, inclusive. Many of the data upon which these graphs 
are based were obtained from tests of commercially made staves, 
while others were of special staves. The special staves were in all 
cases plant-made of materials used in the commercial products and 
were of consistencies as closely comparable as possible to that of the 
regular output. 

Fig. 10 shows the effect on strength and absorption of quantity 
of cement in the mix expressed as number of staves per bag of standard 
portland cement. It will be noted that making 7 to 8 staves per bag 
resulted in strengths between 133 and 150 pounds per inch of width 
and absorptions of about 5 per cent. 

The data of Fig. 11 is an attempt to correlate the potentialities of 
the mixes used at six plants by comparing the transverse strengths 
of commercially made staves with compressive strengths of hand- 
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Fig. 10-——EFFEcT OF QUANTITY OF CEMENT IN THE MIX ON STRENGTH 
AND ABSORPTION OF MACHINE MADE CONCRETE SILO STAVES 


tamped 4 x 8-in. cylinders made of the plant-mixed materials taken 
immediately before tamping started. The transverse tests indicated 
are plant averages based on tests of many staves while the cylinder 
tests are in each case the average of 4 or 8 cylinders, each cylinder 
representing a different mixer batch. The materials were tamped into 
place in the cylinders in four layers with a plane-faced, round, one-inch 
steel rod 15 in. long. This type of rod was used in order to simulate 
the tamping of the dry mix as ordinarily effected by the tamping 
shoes of the silo stave machine. It will be noted that the correlation 
between compressive strengths of the cylinders and transverse strengths 
of the staves is good and it will be noted also that there was a decided 
range in the compressive strengths of the cylinders, from 2600 to 
7600 p.s.i. Whatever purpose these tests may serve, they at least 
show that characteristics of the mix govern the strength whether 
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Fic. 13—-RELATION BETWEEN TRANSVERSE STRENGTH AND PERME- 
ABILITY OF DRY-TAMPED SILO STAVES AS DETERMINED BY PERMEABILITY 
TESTS. EACH POINT IS AVERAGE FOR NUMBER OF STAVES INDICATED 


rupture of the specimen is by compression as in cylinders or by the 
transverse test of staves. 

In Fig. 12 is shown the effect on strength and absorption of silo 
staves of varying the number of tamps at the machine. This test was 
run at only a single plant but is significant in that it indicates real 
possibilities of better compaction of the dry mixed materials by im- 
proved machines. Within the range covered by these tests, each 
additional tamp raised the transverse strength of the staves per inch 
of width by 3 pounds and reduced the absorption of the staves by 
about one-tenth of one per cent. 

The graph on semi-log paper in Fig. 13 shows results of permeability 
tests of 20 staves, from several Minnesota plants, selected so as to 
cover a wide strength range. These tests were made at the University 
of Minnesota in connection with the work of A. C. I. Committee 714 
and without doubt will be later reported upon in detail. Prof. C. A. 
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No. Staves 10 25 20 3 3H 55 10 0 
No. Plants 2 4 3 4 6 & 2 


Fic. 14—NuMBERS IN HATCHED AREAS INDICATE PERCOLATION OF 
STAVES UNDER A HEAD OF 23 FT. EXPRESSED AS OUTFLOW IN CUBIC FT. 
PER SQUARE FT. PER HOUR 


Hughes who is chairman of this committee was kind enough to permit 
advance use of these data in this paper. The permeability test con- 
sisted essentially of passing water under a 23-foot head (10 lb. per 
sq. in.) through a section of stave 3 in. in diameter and measuring the 
quantity by catching the outflow in a 3-in. funnel suspended in close 
contact with the under side of the stave. The quantities indicated by 
the graph of Fig. 13 are calculated as cubic feet per square foot per 
hour based on the rate of flow at 15 minutes (slope 10-20 minutes). 
Reference to Fig. 13 clearly shows a relation between permeability 
and tranverse strength of the staves. 

Fig. 14 is another way of showing the relation of transverse strength, 
absorption, and percolation of dry-tamped silo staves. Fig. 14 
combines the essential data of Fig. 10 and 13. 


Fig. 15 shows results of absorption tests after immersing half- 
staves for 10 minutes following oven drying to constant weights at a 
temperature of 240° F. The routine after drying was to weigh and 
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Fie. 15 RELATION BETWEEN THE TRANSVERSE STRENGTH OF DRY- 
TAMPED SILO STAVES AND 10-MINUTE ABSORPTION FOLLOWING OVEN 
DRYING TO CONSTANT WEIGHTS AT A TEMPERATURE OF 240° F. THE 
LIGHT BROKEN LINE WAS CONSTRUCTED FROM THE DATA OF FIG. 13. 
NOTE THAT THE TWO CURVES ARE ESSENTIALLY SIMILAR INDICATING 
THAT THE 10 MINUTE ABSORPTION IS A MEASURE OF PERMEABILITY 


immerse the half-staves when they had cooled sufficiently for com- 
fortable handling with bare hands. After 10 minutes in water the 
specimens were removed, wiped dry of excess surface water and 
weighed. Close relation is indicated by Fig. 15 between the 10-minute 
absorption and the transverse strengths of the staves, particularly 
for strengths of 140 lb. and above. It will be noted that only two 
of the staves which tested between 140 and 200 lb. per in. of width 
absorbed more than 2 per cent water, with all other results falling 
between 1 and 2 per cent. Furthermore, all but five staves with 
transverse strengths ranging from 140 lb. downward absorbed more 
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than 2 per cent at 10-minutes with results ranging between 8.6 and 
1.1 per cent. A total of 134 staves from 6 plants were included in 
these tests. The average transverse strength of the 134 staves was 
130 lb. per in. of width with extremes of 60 and 211 lb. The average 
absorption of the staves at 48 hours was 5.5 per cent with extremes 
of 3.1 and 9.2. Every stave which had a transverse strength in excess 
of 140 lb. per in. of width, and which had an absorption of 5 per cent 
or less after soaking for 48 hours, had a 10-minute absorption under 
2 per cent. 

The very evident grouping of the transverse tests of the stronger 
staves, at what appears to be a minimum absorption value between 
1 and 2 per cent for this 10-minute absorption test, clearly suggests 
that somewhere near 140 lb. per in. of width is a critical strength for 
dry-tamped silo staves. 

Comparing the 10-minute absorptions shown by Fig. 15 with the 
permeability results of Fig. 13, it will be noted that the trends are 
decidedly similar. The stronger staves had low 10-minute absorptions 
and were low in permeability, with opposite trends for the weaker 
staves. It is evident from these tests that absorption following short 
time immersion of dry-tamped staves is essentially a measure of 
permeability and has the advantage of being a readily applied test 
with limited laboratory equipment. 

It appears from the foregoing that strengths around 140 lb. per in. 
of width is a good figure to keep in mind, although it can not yet be 
shown that durability of concrete in silos is a direct factor of perme- 
ability. This is a matter which only can be determined by further 
research in the laboratory and in the field and by more investigations 
of the behavior of existing silos after long periods of service. 


HIGH EARLY STRENGTH CEMENTS 


Some manufacturers feel that use of high early strength cements 
has an advantage of making it possible considerably to speed up 
delivery during rush seasons. Be that as it may, so far as known, no 
manufacturer feels that this advantage is enough to warrant paying 
more for cement and, as a result, the quantity of cement per stave is 
cut down. On the face of it, this appears all right so long as the staves 
still meet standard specifications but has durability been affected by 
this reduction of cement? Tests of staves made and cured under 
plant conditions, using a single brand of high early strength cement, 
have given 28-day strengths 15 to 20 lb. per in. of width higher than 
staves made of the companion brand of standard cement. For equal 
strengths, this is equivalent to making from 1% to 2 more staves per 
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bag of cement. If this can be done without decreasing durability, 
well and good, but so far as known there is no evidence to support 
a conclusion that pound for pound high early strength cement produces 
concrete more resistant to the action of silage than its companion 
standard portland cement. It is therefore urged that extreme caution 
be exercised in the matter of reducing the cement ratio in concrete silo 
staves until the effect of so doing can be justified by laboratory and 
field tests. 


CONCLUSION 


In concluding this paper it will be said, in fairness to the concrete 
silo, that of the many examined by far the most of them were render- 
ing entirely satisfactory service. When both concrete stave and mono- 
lithie silos are found in as good condition as were those shown in 
Fig. 4 and 8 after continuous service for a quarter of a century, it 
would be ridiculous to deny claims of durability. On the other hand, 
it is foolish to ignore any problems of concrete silo construction, which, 
if recognized, may be solved by study and experimentation. Properly 
designed concrete stave silos are fine looking structures as shown in 
Fig. 9, and producers owe it to their customers, to the silo stave in- 
dustry, and to themselves that appearances truly are without deceit, 
in any sense of the word, to the end that only the highest type structures 
be erected. 

Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by June 1, 1938. For such 


discussion as may develop readers are referred to a Supplement to 
be issued with the JouRNAL for Sept.-Oct., 1938. 
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Discussion of a paper by Dalton G. Miller:* 


Factors Which Influence the Durability of Concrete 
Stave Silost 


CONVENTION DISCUSSION 


George P. Dieckmann}: Mr. Miller stresses a point about seven and 
a half staves per sack of cement. As a general rule that is not possible. 
Some manufacturers have a very fine graded aggregate and some have 
not. A specification of 140 lb. per inch of stave width is too rigid for 
many silo plants which I visit. A requirement of 110 to 120 lb. seems 
to be a fair average. It would work a great deal of hardship to the 
concrete manufacturers if we had to jump from 90 to 140 lb. Imperme- 
ability is a matter of aggregate grading. It is not so much strength as 
impermeability that is needed in a concrete stave. Looking over the 
whole industry, there are only a few silo staves which have gone bad. 
I should like to ask Mr. Miller whether staves trowelled, or just struck 
off would give the most satisfaction. 


Mr. Miller: That point of trowelling off the staves is good and I 
think trowelling improves the durability of the staves because it 
should reduce the penetration of water and increase the life of the 
staves. But it costs money to stop the operation long enough to 
trowel off the top of the staves. 


I think we have the situation mixed up. I am working for the U. 8. 
Department of Agriculture and for the State of Minnesota and for 
the farmers of the country, and I am urging the manufacturers to 


*An unfortunate proofreading lapse in getting Mr. Miller's paper into the March-April Jounnan, 
resulted in giving Mr. Miller an unheard of title He is very well known for his important work as 
Senion Drainage bngineer, United States Dept. of Agriculture, University Farm, University of Minne 
sota, St. Paul 


tJounnan Amer. Concrete Inst., March-April 1038; Proceedings Vol. 34, p. 381 


tNorthwestern Statee Portland Cement Co., Mason City, la 
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use more cement, and here is Mr. Dieckmann working for a cement 
company and wanting you to use less cement. I hope I did not leave 
the impression of advocating seven and a half staves per bag of cement 
as being the ultimate objective. I also hope that I did not leave the 
impression that a 140 lb. was the objective. In view however of the 
permeability showing of staves made seven and a half per bag, with 
strengths around 140 lb., these are good figures to keep in mind. So 
far as manufacturers going out of business is concerned, the sur- 
prising thing is that a good many manufacturers with whom I have 
talked are not alarmed about that; they are not nearly so much 
alarmed about going out of business because of a little increase in the 
cost of manuacturing staves as they are of going out of business 
because of the failure of a few silos. When a silo fails, the owner wants 
it repaired just before filling, when the silo manufacturer is busiest 
with his orders and doesn’t like to have anybody come in and talk 
trouble to him. In Minnesota, where there are a number of manufac- 
turers making staves that test close to 140 lb. (and in A. C. I. Coms 
mittee 714 meeting we heard of a man, not in Minnesota, who wa- 
making staves that tested around 180 lb.). So I am not going to get 
unduly alarmed about the manufacturers going out of business in 
attempting to shoot at a higher mark in the test of a stave. 


Mr. Dieckmann: Well, the manufacturers of course are scared of 
Mr. Miller; they talk one way to him and another to me. They say, 
“Don’t let Mr. Miller raise that specification too high; if they raise 
that specification too high, the clay people will sell all the staves and 
we cannot compete; see that we don’t get too rigid a specification.”’ 


M. O. Withey*:What methods does Mr. Miller consider satisfactory 
in repairing silos showing considerable inside surface disintegration? 


Mr. Miller: There are only two answers to the question and one 
of them is always right; that is, “I don’t know.”’ I don’t know what 
is the best way to repair a silo from the inside when the action has 
progressed so far that it is really a serious problem. Making cement 
mortar stick can be done. The old surface has to be cleaned, wet 
down and the mortar put on; the mortar should be kept moist, but 
to get those things done under ordinary field conditions is difficult. 
I have a feeling that the place to put the cement is in the staves. 
You can step up the richness of the mix in the staves, without increas- 
ing the cost of a five or six hundred dollar silo more than fifteen or 
twenty dollars. 


*University of Wisconsin, Madison. 
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INTRODUCTION 


Tue strength and stiffness of reinforced concrete members subject 
to combined axial compression and bending has been more a matter 
of speculation than of definite knowledge; of more than two thousand 
column tests on record only a very few employed eccentric loading, 
or any loading producing combined stresses. The analysis of such 
stresses is also a rather difficult problem, involving complex formulas 
and charts. Several recent developments have given the problem new 
mportance and have indicated a need for a simplified design procedure. 
These developments include, (1) requirements in the 1936 A. C. I. 
Standard Building Code that columns and girders in buildings be 
analyzed as rigid frames (thus recognizing the very frequent presence 
of bending stresses in columns), (2) recognition of the fact that due 
to time yield, the modular ratio, n, may increase to 3 or 4 times its 
initial elastic value and thus greatly modify the original stress dis- 
tribution, and (3) recognition of the effectiveness of the protective 
concrete shells of columns, which have hitherto been neglected in 
computing bending resistance. 


It is the object of this paper to present and review evidence on the 
resistance of eccentrically loaded columns, to examine the current 
“exact”? analyses and design charts, particularly in view of a large 
variation in n, and to propose simplified methods of design of members 
containing combined axial and bending stress. 


*Presented at 34th Annual Convention, American Concrete Institute, Chicago, Feb. 22-24, 1938. 
tResearch Professor of Engineering Materials, University of Illinois, Urbana. 
tEngineer, Maintenance of Way Department, Chicago and Northwestern Railroad, Pekin, Illinois 
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TABLE 1—SCHEDULE OF COLUMN TESTS, 1936 


Two companion columns in all cases. 

All columns, 5 ft. long. All spiral core diameters, 8 in. out to ovt 

All spirals, 4 in. @ 1 ¥ in. pitch—2 per cent of core area. 

All columns tested moist after 28-day moist curing. 

Vertical steel percentages are based on 8 in. core area and on gross area 


Percentage of Overall 
Col Concrete Reinforcement Column Eccentricity Total 
No. | Strength Size In N if 
p.s.) Spiral | Vertical In Columns 
in Core |On Core r nm Grose 
(Wire) (Int. Grade) 
Al 2000 2 4 i 1.5 13 rd 0 1 4 6 
i 3500 2 & £rs ll rd Go 2 $-4 9 10 
A3 3500 2 4 4.0 8 rd 22 = 2 10 
A4 5000 2 4 2.55 10 rd 0 1 1 6 
(Rail) (Int. Grade) 
Bl 3500 2 1 | 2.0 10 sq. 0 1 i 8 8 
B2 3500 2 : ae 10 sq I t s8* 6 
B3 3500 0 2.0 10 sq 0 1 i 8 — 
B4 3500 0 2.0 10 sq l $f §* 6 
B5 3500 0 2.67 10 x 5-] 0 1 1 * 6 
(Rail) (Rail) 
Cl 3500 2 2 | 1.06 11 rd 0 2 1 
C2 3500 2 4 2.1 li rd l 1 & ‘ 
C3 3500 2 6 3.15 li rd 0 2 1 
*These columns loaded along diagonal of cross-section; all others on rectangular axis 
Note: The average vield point or useful limit of the steel used was as follows 
Drawn wire spirals, 4 in. rd.—80,600 p.s.i. Rail steel verticals, 14 in. sq. def.—63,200 p.s.i 
Rail steel spirals, 44 in. rd.—62,800 p.s.i. Int. Grade verticals, 44 in. sq. def.—46,700 p.s.i 


UNIVERSITY OF ILLINOIS TESTS, SERIES OF 1936 


This series of tests consisted of 82 tied and spirally reinforced 
columns, 5 ft. long and having core diameters or widths of 8 in., tested 
with eccentricities of loading varying from 1 to 8 in. They were 
intended to supplement the A. C. I. Column Investigation of 1930-31 
and included studies of the action of spirally reinforced columns 
both with and without protective shells, variations in concrete strength 
and shell thickness, the effect of round, square and L-shaped sections, 
and of variations in grade of steel. 

A condensed schedule of the tests is given in Table 1. The concrete 
used was similar to that of the A. C. I. Column Investigation. Pro- 
perties of the steel are given in Table 1. The ‘useful limit’’ strength 
of the spiral steel is the stress found at a strain of 0.005 in. per in. 
The cement used was a blend of 4 brands, purchased locally. The 
sand and gravel were from Wabash River pits. The consistency of 
the concrete is indicated by a range in slump from 4 to 7 inches, with 
an average of 5.9 in. This permitted the placing of concrete in the 
forms by hand puddling, with no mechanical vibration. 

All vertical reinforcing bars were milled to the exact 5 ft. length, 
and a special procedure was used to keep the milled ends in the planes 
of the ends of the columns during concreting. Fig. 1 shows how load 
was applied to columns with varying eccentricities. In the case of 
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Fic. 1—MrTHOD OF APPLYING ECCENTRIC LOAD 


the larger eccentricities, 3 to 5 tension dowel bars, embedded about 
40 diameters, were used to anchor a steel loading bracket to each end 
of the column. Load was applied through roller bearing shoes for 
which the friction of rotation was very small. This loading produced 
a uniform bending moment throughout the height of the column, 
probably the most severe type of eccentric loading that could be 
applied. 

Strains were measured on 12 or more 10-in. gage lines, near top, 
middle and bottom of each column. Strains were read on steel plugs 
embedded in the concrete shells and on the vertical steel in the few 
cases where shells were omitted. Rotations or changes in slope of 
the column ends were measured with a 10-in. level bar; the deflection 
of the column at mid-height was also measured. 

The principal numerical results of the column tests are given in 
Table 2. Most of the table headings are self-explanatory. It may 
be noted in some cases that a “first maximum” and a ‘“‘second maxi- 
mum” load was recorded. This follows from the fact that the column 
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spirals were designed, according to the A. C. I. Building Code. to 
furnish as much strength as the concrete shells. The initial failure 
of the concrete shell was recorded as the “first maximum” load: 
with additional motion of the loading head, the load, which had fallen 
off sharply, gradually built up again as the spiral came into play on 
the compression side of the column. It is evident that spalling off 
the shell on the compression face had the effect of increasing the 
eccentricity of loading, so that in general the “second maximum”’ 


TABLE 2 RESULTS OF TESTS OF ECCENTRICALLY LOADED COLUMNS, 1936 
Two companion columns, 5 ft. long, 8 in. spiral diam 
Concrete strengths from 3-6 by 12-in. cylinders for each column 
First maximum load at failure of shell; second maximum due to action of spiral reinforcer: 


‘ 


% Reinf Ultimate Load, Ib Rati 
Col. Col Concer P-ece , lype 
No. Size Spiral Vert. Strength Dicedeal Failure 
In Core Gross ps. Ist Max 2nd Max 
Ala 13 rd. 2 1.5 2490 342800 252000 1.00 0 ( p 
b 2710 27 5800 146000 4 0.67 Comp 
d 2355 103700 101400 sU5 2.67 len 
A2a 11 rd. 2 2.1 | 4280 338400 287350 1.00 0 Comp 
b 4100 232450 207450 HS2 0.75 ( , 
€ 4010 179900 171200 31 1.50 ( D 
d 4160 130850 123950 ts7 $00 I 
e 3905 46700 $5650 138 6.00 ler 
A3a | 8rd. z 4.0 4170 309650 1.00 0 Comp 
b 1030 231500 THO 8&9 ( p 
( 3480 137000 145 1.78 ( p 
d 3505 69500 224 3. 56 Ter 
e 3725 38750 22 7.42 I 
A4a 10 rd 2 2.55 5620 388650 381700 1.00 0 ( p 
b 440 | 278300 260250 717 0.80 ( p 
d 57580 111200 GOB 50 yan i 3.20 | 
Bla 10 sq 2 2.0 1060 396850 3207 50 1.00 0 ( p 
b | 3035 274150 220050 6400 0.62 ( p 
d 4590 113250 107050 285 2.4% lr. & ¢ 
e | 4060 55750 50250 141 1 06 I's 
B2b | 10 8q 2 2.0 4160 289550 252500 730 0.88 Comp 
d 3780 109300 a 275 3.52 lens 
e 3560 | 47850 47750 121 7.04 I 
Bsa 10 sq 0 2.0 3480 313450 1.00 0 ( 
b 3550 252600 BOS 0.58 Comp 
d 3580 107750 345 2.32 lr. & ( 
e 3740 61600 | 199 1 64 ler 
B4b 10 sq 0 2.0 |} 3120 254600 K1f 0.82 ( I 
d } 3420 | 90500 200 3.28 I. & ¢ 
‘ } 3030 | 54300 174 6. 56 Per 
35a 5x 10-1 0 2.67 | 3065 | 225800 1.00 0 ( ' 
b 3140 | 198200 875 1.377 Com 
d 3230 | 75400 $34 >. 484 r & ( 
Cla 11 rd 2 1.05 | 3890 | 304950 280900 1.00 0 Comp 
d | | 8720 | 177200 153400 51 1.48 ( p 
C2a li rd 2 2.10 3900 | 365300 57250 1.00 0 Comy 
b 4055 284150 | 267700 780 0.75 Comy 
d 1060 83050 227 $00 Comy 
© 4015 53100 15o 6.00 ler 
C3a li rd 2 3.15 | 4115 408000 4120150 1.00 ( Comp 
d 230 211000 214100 10 1.52 Comp 








t These values are probably in error 


*Col. C2d 1 and 2, were premature bearing failures 
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hic. 2 RELATION BETWEEN ECCENTRIC LOADS AND ~- 


produced by the local restraint furnished by the spiral was not as 
great as the “first”. However, it is noteworthy that the two types of 
maximum load which would always occur with axial loads, were also 
present in these eccentric load tests. 

It is noteworthy that all of the columns with 8-in. eccentricity and 
about half of those with 4-in. eccentricity, failed by tension. In the 
remainder having 4-in. eccentricity, the cause of failure is uncertain, 
but in several cases was due to bad bearing at the ends of the column 
due to an imperfect arrangement for applying the eccentric load. 
With the percentages of reinforcement generally used, the 4-in. 
eccentricity seems to be near the border line between compression and 
tension failures, with a definite majority, however, of the latter type. 

The results of Table 2 have been plotted in Fig. 2, in which the 
relative strength of eecentrically loaded to axially loaded columns 
are ordinates and values of re are abscissas. In the quantity ~, eis 
the eccentricity of loading, ¢ the distance from centroid of cross-section 
to the extreme fiber in compression and k is the radius of gyration of 
the column section. Values for columns which failed in tension really 
have no great significance on this diagram, which is intended to com- 
pare resistances in compression, but the tension values are plotted 
to indicate at least a lower limit of the unknown compression values, 
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For comparison with the plotted points in Fig. 2, a curve is shown, 
based on the familiar theory of stress in a homogeneous member 
eccentrically loaded. In such a member, if failure occurred in all 
cases when the compressive stress reached a fixed limiting value, the 
ratio of strength between eccentrically and axially loaded members 


would be——— This quantity is represented by the curve of Fig. 2, 
ec : 
i+—. 
k2 
using test values of the modular ratio, n. 
rr ec . ‘* ° ° . 
The value Fr may be replaced in Fig. 2 without changing the position 


of the plotted points appreciably by omitting the effect of the rein- 


. , “se ; 
forcing steel, whereupon the quantity becomes— for a circular column 


e p , 
and 6—for a square column, ¢ being the overall depth of the column 
t 


section. 
— ‘ on - F C0 
rhe significance of Fig. 2 appears to be that, for values of — represent- 
} 
je2 
ing compression failures, there is a considerable margin of strength 
above the theoretical curve. This result is in accordance with general 
knowledge regarding flexural compressive failure of concrete, which re- 
quires a considerably higher stress, as computed on straight-line theory, 
than that producing failure under axial load. Thus while a small 
eccentricity theoretically produces an enormous reduction in load, 
there is a simultaneous increase in concrete resistance due to the 


. . e ‘ ee 
type of stress distribution. In the quantity 1 +—, the two terms 


represent relative values of the axial and flexural components of the 
stress; when the second term becomes very large, it seems reasonable 
that the resistance to the combined stress will approach closely to 
that of concrete in flexural compression. 

A condition of the method of testing and its effect upon the results 
merits consideration. All of the columns were tested with the ends 
pivoted, or supported by a roller shoe with very low frictional restraint. 
This is probably a more severe condition than will occur in a framed 
structure, when the eccentricity is generally due to a bending moment 
produced through continuity of columns with floor systems. Com- 
paring the axially loaded columns of this series with previous tests 
in which ‘“‘flat-ended” columns were used, it appears that these 
“hinged-ended” columns are weaker by roughly 15 per cent. It 
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seems reasonable that the eccentrically loaded columns of this series 
are similarly weaker than columns rigidly framed into other members 
of a building frame. 

Effectiveness of protective shells. 

The tests afford some comparisons which indicate the effectiveness 
of shells, which were designed in the spiral columns to produce column 
strength roughly equal to that furnished by the spirals. Groups A2 
and A3 consisted of identical columns except that those in Group 
A2 had 1% in. shells, while those of Group A3 had none. The axially 
loaded A2 columns were 9 per cent stronger than the A3 columns, 
evidently due to an excess of strength in the shell, for after the shell 
had failed in the A2 columns, the strength with the spiral in action 
was 7 per cent less than for the A3 group. For the same groups, with 
1 in. eccentricity, the initial strengths were equal. With 2, 4 and 8-in. 
eccentricities, the columns with shells showed advantages of 31, 88 
and 21 per cent, respectively. In none of the columns with shells, 
did the strength produced by the spiral ever reach the initial value 
produced by the shell; in the group without shells after a maximum 
load had been reached (with spirals unbroken) a rest and reloading 
in some cases produced a new maximum load slightly higher than the 
first, evidently due to a consolidation of the core concrete. The 
strains at the maximum load for Group A383 were naturally about twice 
as great as at the initial failures in the A2 group, with shells. Ind 
rotations and deflections were similarly higher in the A3 group. 

There was no indication in any of the tests of a surface of weakness 
between shell and core. Even where the shell failed on one side of an 
eccentrically loaded column, the remaining shell stayed integral with 
the core. 

Effect of axis of loading. 

The plane of bending of the square columns of Groups B1 and B3 
was along a rectangular axis of the section; that for Groups B2 and 
B4, a diagonal axis. For axial loading, there should be no difference 
in effect. With eccentric loads, since the bending stress should vary 
inversely with the section modulus, which is 0.7 as great for the 
diagonal as for the rectangular axis, Groups B1 and B3 should theoret- 
ically be stronger than B2 and B4. The strength ratios of Group B1 
to B2, spiral columns, are for 1, 4 and 8-in. eccentricities, 0.95, 1.04 
and 1.17; for similar tied columns of Groups B3 and B4, 0.99, 1.19 
and 1.13. The reduced strength with diagonal loading is increasingly 
apparent as the eccentricity increases, but not as great as would be 
expected from the theory of a homogeneous member. However, this 
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result is in accord with other tests of members in which the extreme 
fiber in bending is confined to a 90-degree edge of a square member, 


L-shaped columns. 


Series 5 consisted of 6 columns of L-shape, formed by cutting away 
one quarter of a 10-in. square section. Corner columns of a building 
are sometimes of this shape, and if beam moments are equal in the 
two directions, such columns will be subjected to moment in a diagonal 
plane. These columns were therefore loaded at points along the axis 
of symmetry. The axial load was applied at the calculated centroid 
of the section, but this actually caused the column to deflect at mid- 
height toward the inside, or re-entrant, corner. Since the eccen- 
tricities were also measured from the same centroid, the actual eccen- 
tricities were evidently smaller than the intended ones. The two 
effects, a reduced axial load and reduced eccentricities of loading, 
combine to produce unduly high strength ratios between eccentrically 
and axially loaded columns, as will be noted in Fig. 2. 


Spiral vs. tied columns 


The columns of Groups Bl and B2 were 10 in. square, with 2 per 
cent of spiral (S-in. core) and 2 per cent of vertical reinforcement 
(on gross area). Those of Groups B3 and B4 were also 10 in. square, 
with 8 in. square ties and 2 per cent of vertical reinforcement. Thi 
provides a comparison of tied and spiral columns, though there is a 
considerable difference in conerete strength which is difficult to 
adjust. Without any adjustment the strengths for spiral column 
average about 15 per cent higher than for the tied ones, except for 
those with 8 in. eccentricity, which failed in tension. If the column 
strengths are adjusted in proportion to the compressive strength of 
the cylinders for all columns that failed in compression, the average 
strength of the tied columns is practically equal to that of the spiral 
group. While it is true that this adjusts the portion of the column 
strength produced by the vertical steel as well as by the concrete, it 
seems likely that about two-thirds of the full adjustment is justified, 
giving the spiral column a strength advantage of about 5 per cent over 
the tied ones, a negligible amount. On the other hand, probably due 
to the more effective arrangement of the bars in the tied columns, 
the tied columns failing in tension were about 9 per cent stronger 
than the corresponding spiral columns. This result seems reasonable, 


Intermediate vs. rail steel reinforcement 


The columns of Groups A2 and C2 were alike except for the grade 
of reinforcement used. The spiral reinforcement may be neglected 
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if comparison is made on the basis of initial shell failure. For axial 
columns, with about 4000 Ib. concrete, and yield points of intermediate 
and rail steel bars of 46,700 and 63,200 p.s.i., respectively, the columns 
with 2.1 per cent of rail steel bars should be 8 per cent stronger than 
those with intermediate grade bars. The tests show this same ad- 
vantage of 8 per cent for axial loading, and 22 per cent for 1 and 8 in. 
eccentricities. The data for columns C2d are abnormal and are 
omitted from this comparison. The large margin of strength of the 
rail steel in the case of the 8-in. eccentricity is obvious, since the 
failure was by tension; that for the l-in. eccentricity is not so easily 
explained, though the larger deformation required to develop the 
strength of the rail steel may have had an indirect effect 


Summary 


Other comparisons of the data, particularly with regard to measured 
strains, rotations and deflections might be made. However, it seems 
that the most important result of this series of tests is that for those 
columns that failed in compression, the strength is generally well in 
excess Of that indicated by the curve of Fig. 2. The presence of this 
excess strength seems to be due to the fact that failure is by flexural 
compression, long known to produce higher strengths than axial 
COMMPression 


PREVIOUS TESTS 


Previous tests of eccentrically loaded columns include (1) tests by 
Sach and Graf in Germany, in 1912-13* on square tied columns, (2 


a) 


tests by Witheyt at the University of Wisconsin in 1910, and (3) 
unpublished tests made at the University of Illinois; (a pirally 
reinforced columns, 1916 (not available here) and (b) tied and spirally 
reinforced columns, 1925 

The data of these tests have been studied by reference to the curve 
of big. 2. In making these studies, the value of the radius of gyration 
has been based on a value of n of 15 and the assumption of an un 


cracked ection 
German le 


Table 3 gives values from the tests by Bach and Graf, together 
with computed values of the strength. The eecentricities were all 
such that the load was applied outside the kern Presumably, the 
calculation should have assumed a cracked section, which would 
have resulted in an even higher ratio of actual to computed strength, 
The table shows that for all reinforced columns, excepting those that 

*Heft 166-160, Forechungsarbeiten auf dem Gelnete dew Ingeniourweret 


Y'Teats of Keinforced Conerete Colum role M. ©. Withey, Hulletin 466, lngineering ort 


Vol. 7, No. 1 
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TABLE 3—TESTS OF ECCENTRICALLY LOADED COLUMNS 


By Bach and Graf,—Stuttgart, 1912-13 
Two or three columns of a kind, 40 em. square, 2.5 meters long. Reinforcement 
tension and compression faces, except as noted. Ties, 5 mm. round at 7 cm 
fashiqn; 2 single strand stirrups, 7 mm. round at 7 cm. spacing. 
Concrete cube strength, 3200 p.s.i. with maximum variation + 10 per cent Aver 
of verticals—compression: 53,000 p.s.i.; tension 53,100 p.s.i 


, 4 vertical bars in 
spacing, wrapped spiral 


ge yield point 





tatio of Strength 
Eccentric 





Percent Eccen- Maximum Axial Ratio Mant 
Vertical tricity, Load - I 
Reinf em kg 1) Actual |(2)Computed* 2 Fa 
0 0 276167 1.00 1.00 Comp 
(No reinf. 10 136000 4192 10 1.23 C.& 1 
15 81833 297 307 0.97 C. & I 
20 23967 OST 25 0.3 Is 
51 0 280333 1.00 1.00 Comp 
(In tension 20 93000 333 251 1.32 Comy 
face only) 30 60333 216 182 1.18 C. & TI 
Ww 29967 107 1187 0.91 Pen 
1.02 0 338333 1.00 1.00 Comp 
10 202500 997 130 1.38 Comy 
20 124000 366 274 1.33 C. & T 
30 69600 206 2014 1.03 lr. & ¢ 
SO 32350 095 1314 0.73 len 
1.91 0 404667 1.00 1.00 ( D 
10 225000 556 153 1.23 Comp 
20 157500 390 203 1.33 Comp 
30 105000 260 215 1.21 C.@1 
0 53500 133 1427 0.94 ren 
*Computed by means of Equation A, using n 15. k for uncracked section for 1 per cent \ 
2.27 cm., for 1.9 per cent vert. = 12.82, for .5 per cent tens. steel 11.92. 


tEquation A for uncracked section should not be applied to these cases, in which the yield point of 
the tersile steel was exceeded. 


P—sce. 1 


I l 1 +<¢ 


failed by tension, the ratio of actual to computed strength varied 
from 1.18 to 1.38, with an average value of 1.28. The ratio has no 
significance for the columns with large eccentricities in which failure 
was by tension, since the load carried in these cases was a function 
only of the tension reinforcement. 
Wisconsin tests 

The columns tested by Withey at Wisconsin were a group of eight 
columns with longitudinal and spiral reinforcement, which exceeded 
the capacity of the testing machine when loaded axially, and were 
then loaded eccentrically in order to break them. Strain and deflection 
data were secured, but there were no strengths of axially loaded columns 
available to furnish comparisons, although Professor Withey demon- 
strated from the strains measured on columns under varying eeccen- 
tricities of loading that the strength should vary as an hyperbola, 
similar to the curve of Fig. 2. 
Illinois tests, series of 1925 

These tests were made on 22 columns, 8 tied and 14 spirally rein- 
forced. The principal test results are given in Table 4. The tied 
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columns show a considerable excess of actual over computed strength, 
the average ratio of the two for the 3 eccentricities being 1.33. 

For the spiral columns, which had no protective shells and hence 
developed their strength under axial loading entirely through the 
hooped concrete core which had to undergo a large plastic deform- 
ation, it is not reasonable to expect any increase in the ultimate com- 
pressive strength when bending is introduced. There can be little 
ground for expecting the extreme fiber stress to reach a high value 
by virtue of the assistance of adjacent fibers. Under axial loads, 
such columns at failure consist of the spiral which forms a restraining 
shell, within which are concrete and vertical steel, all in a semi-plastic 
and unstable condition. Hence it is somewhat surprising to find 
such a column under eccentric loading developing even as great a 
maximum concrete fiber stress as did the axially loaded column. Table 
1 shows that there was even a slight excess. The average ratios of 
actual to computed column strengths were, for 1 in. eccentricity, 1.13; 
for 2-in. eccentricity, 1.21; for 4-in. eccentricity, 1.01. The record 
of the tests does not indicate that any of the columns failed by tension, 
5 per cent of vertical reinforcement being used. 


TABLE 4—TESTS OF ECCENTRICALLY LOADED COLUMNS, 1925 


Two columns of a kind—S8’ diameter core—S0’ long. Yield point of verticals—36 to 40,000 p.s.i 
Concrete strength—about 1900 p.s.i. No shell outside spiral. All failures by compression. 


Ratio of Strength 


Eccentricity Per Cent Ultimate J ccentric_ 
Col Reinforcement Load Concentric l 
Nos ‘ p.s..? | 2 
Ir , Vert Spiral P/A 1) Actual |(2)Computed* 
TIED COLUMNS S IN. DIAM 

O1-2 0 0 0 0 176200 1.00 1.00 ‘ 

04-4 l 125 5.0 0 32150 0.75 0.571 1.31 

O5-7 2 25 5.0 0 92250 0.523 0.400 1.31 

OS-9 4 50 0 0 51150 0.344 0.250 1.37 
Average 1.33 

SPIRAL COLUMNS 

ll-12 0 0 ».0 * 250700 1.00 1.00 : 

14-16 l 125 5.0 ‘a 153300 0.611 0.571 1.07 

15-17 2 25 5.0 * 123450 0.492 0.400 1.23 

18-16 1 0) 5.0 1.1 63150 0.253 0.250 1.01 

21-12 0 0 5.0 1.9 254350 1.00 1.00 sa 

25-16 l 125 5.0 1.9 164600 0.669 0.571 1.18 

24-27 2 25 5.0 1.9 LOVa00 0.482 0.400 1.2 
Average 1.14 

1 
*Computed from expression 1 +-—* , in which 
é = eccentrictiy of load from centroid of column sections 
¢ = overall radius of column 


k = radius of gyration of column, using uncracked section and n 15. (Value from tests 15.6) 





f 
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Fig. 3—RELATION BETWEEN ECCENTRIC LEADS AND ; 


The behavior, here noted, of spiral columns without shells, should 
not be confused with that of the 1936 columns with shells, in which 
very little plastic deformation of the concrete had occurred up to the 
time that compressive failure took place on the extreme fiber of the 
column. In the latter case, the high flexural strength of the concrete 
is logical and is supported by data of beam tests. 

The data of the German tests and the Illinois Series of 1925 hav 
been plotted, together with the 1936 material in Fig. 3, which is 
similar in makeup to Fig. 2. In the plotting representing the 1936 
tests, all points representing tension failures have been omitted, also 
3 values, 2 high ones and one low one, which are known to be abnormal. 
The general conclusion from Fig. 3 is that there is in general a con- 
siderable margin of strength for columns with protective shells, over 
a computed maximum strength based on the usual eccentric load 
equation and a concrete strength determined by axial loading. 

ANALYSIS OF COMBINED AXIAL AND BENDING STRESSES 

The analysis of the stress distribution in eccentrically loaded columns 
is conventionally divided into two classifications; case I, in which 
there is compressive stress over the entire section, and case II, in 
which there is tension over part of the section. In case II, it is gener- 
ally assumed that the concrete carries no tension. Concrete and steel 
are considered as elastic materials, with a fixed modular ratio, 1, 
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which also expresses the ratio of stresses in steel and concrete at points 
equidistant from the neutral axis. The analysis of case II usually 
requires the solution of a cubic equation to determine the position of 
the neutral axis, on which to base expressions for the stress in steel 
and concrete. Typical analytical solutions are given in textbooks 
for rectangular tied column sections and for spiral column sections 
having the vertical bars at the periphery of the column. New equations 
have been derived by Mr. Olsen which apply to the gross section of 
spiral columns having both round and square protective shells. These 
are presented as Cases III to VI. They apply under the 1936 A. C. I. 
code to spiral columns in which the design is based on the gross area, 
instead of the core area as under the previous code. Cases I to VI* 
have been used to plot design curves showing the relation between 


. ». € , ° . 
the concrete stress f, and the ratio—, wherein ¢ is the total depth of 
t 


the member. This information has been plotted in the form of charts, 
of which Fig. 4 is an example. It is customary to present the charts 
for the cases of cracked and uncracked sections as separate and 
distinct design procedures. In Fig. 4, the two cases have been com- 
bined on a single chart, and while the analysis for the uncracked 
section theoretically does not apply for the portion of the curves shown 
in dotted lines, it permits a comparison with the curves for the cracked 
section and indicates the degree of error involved if the curves for 
the uncracked section are used. For example, it is easily seen that the 
difference between the two cases is minimized when the steel percentage 
is made large, when n is large and when the steel is placed as near as 
possible to the surface of the column. In other words, the difference 
is minimized by any feature which increases the structural importance 
of the reinforcement. In this connection it should be emphasized 
that while in any column, very small percentages of reinforcement 
are undesirable because of the effect of shrinkage and time yield, 
it is doubly important when bending is present in the column to use 
liberal steel percentages. While in axial loading, there is no particular 
effect of the position of the bar reinforcement, in the case of bending, 
the steel near the surface of the column is in almost twice as advan- 
tageous a position as the concrete section. Hence the economy of 
increasing bending resistance by increasing the steel percentage. 

It should be noted that in the analysis of Cases II, [V and VI above, 
it was impracticable to carry the term (n-1) throughout the equations, 
and the quantity n was used instead. This has little effect upon the 
__ For analysis of cases I and II see Hool and Kinne, “Structural Members and Connections”: Lord's 


“Handbook of Reinforced Concrete Building Design’; or Turneaure and Maurer Principles of Rein- 
forced Concrete Construction.” 
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results. In plotting Fig. 4, the same simplification was made in all 
ases, to avoid a break where the two sets of curves converged. 

In the foregoing so-called “exact”? analyses, there exists one large 
source of uncertainty, which renders questionable the whole matter 
of the elaborate, complex equations derived. This is the uncertainty 
as to the proper value of n, or further, whether n has any significance 
in regard to ultimate strength. Many tests, both of axial and flexural 
members, show that under sustained loading, the value of n may 
increase to 3 to 5 times the original elastic value in one to two years’ 
time. Hence, for example, though the ratio of steel to concrete stress 
may originally be 10, after a period of loading the ratio may be 40. 
The “exact” analysis for the original condition is therefore anything 
but exact at the later date, and the discrepancy is a much larger one 
than that between the analysis of cracked and uncracked sections. 

Referring again to Fig. 4 and taking the curves of cases IIIT and IV 


as an example, it is seen that if one used the analysis of case III for ; 
ratios up to 4%, the maximum relative error (on the unsafe side) is 8 
per cent when 5 per cent of steel is used and 23 per cent when 2 per 
cent of steel is used. In the majority of building columns, the eccen- 
tricity will be less than this value of % of the depth. Hence, if the 
analysis of case III can be made very simple, it may be justifiable 
to use it within this range even though a small error is involved. 


PERMISSIBLE WORKING STRESSES IN COMBINED AXIAL AND 
FLEXURAL COMPRESSION 


The selection of a permissible fiber stress for eccentrically loaded 
columns and rigid frame members is naturally dependent upon the 
corresponding stress permitted in an axially loaded column, on one 
hand, and the fiber stress permitted in a beam, on the other. The 
foregoing studies indicate that based upon the simple assumption 
of an uncracked section, the eccentrically loaded columns developed 
a compressive fiber stress well above that found with axial loading, 
over the range in which compression governed the failure. Hence 
it seems logical to provide a transition formula, empirical but supported 
by test data, which will bridge the gap between the axial column 
(e = 0) and the flexural member (e = infinite). 


° ec ° ° ° ° 
In the expression, (1 +—), if the axial stress is taken as unity, 


v 


' ' ec ey} 
the bending stress is equal to—. In the proposal for a permissible 


iy 


fiber stress f., for combined axial and flexural compression, one limit 














416 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March-April 1938 





T 7 T | - 
Asymptote 
BF rap ox a lee 








Q4+— —|- 








c 
4 














K GT), Fe 
w 


ee Ae Se ha oie 




















ee 








Permissible Compressive Stress, 
in Terms of Cylinder Strera 

S 

%S 









































~ — ——] t | 
My 
QO/ —— —- —- | —+ —4 ——+ — 
| | | 
; 
0 | 
4 / 2 3 ¢ S 6 7 8 9 /0 


Values of a 


Fic. 5—TRANSITION CURVES FOR PERMISSIBLE STRESS, fc 


is the permissible fiber stress in an axially loaded column, denoted 
by fa; the other the permissible fiber stress in bending, denoted by 
f,. Between these extremes an empirical transition curve is fitted. 


| 
fh 
f 
4 
‘9 
fi 


The transition curve starts with a value f, = f, at zero eccentricity 
ig , ae : er 
‘i and increases with approaching a value of fy as rr becomes large. 
4 - a 
4 (See Fig. 5). The value of f. at any point is given by the equation 
is ec 
,, ye 
i je 
t (i, aie a (1) 
c 1 eC 
; 1 4. pend 
k? 
Referring to the A. C. I. Building Code, 
For spiral columns, ae) P 0.225 fe’ + faPo (2) 
0 ae ae ex ad . ad 
A, [1 + (n-1p,} 1 + (n-1) p, 
For tied columns, fa = .8 of value for spiral columns... ... (3) 


f = 0.4f. C = fa/fo 
Values of f, are charted in Fig. 5. 
The foregoing equations 1 to 3 give the permissible values of the 
maximum compressive stress under eccentric loading. They have 
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nothing to do with the analysis to determine what the stress is in an 
eccentrically loaded member. The value of n to be used in determining 
f, should be the conventional value, such as 30,000/f.’, since this gives 
the greatest value of fa. 


For ordinary columns the percentage of reinforcement has very 
little effect upon the radius of gyration of the section, k. There will 


‘¢ CC . 
be no great error produced, therefore, if the value — is replaced by 


: be Se . P ; 
the quantity — for rectangular columns and — for circular columns. 
iy t 


(t = overall depth of section, e = eccentricity). 


The following tabulation gives values of f, for tied and spiral 
columns, in terms of the cylinder strength f.’. 


fa/fe’ for Spiral Columns fa/fe’ for Tied Columns 
fe’ n Values of ; Value of pg 
' — , 
Ol 02 04 O06 OS 01 02 | 03 04 
2000 | 15 267 300 350 383 107 214 240 262 280 
3000 | 10 255 281 322 354 380 204 225 | .242 258 
4000 7.5 249 270 305 335 359 199 216 23 244 
5000 | 6 245 262 204 321 344 196 210 223 235 


PROPOSED SIMPLIFIED ANALYSIS OF STRESSES DUE TO 
COMBINED AXIAL LOAD AND BENDING 


There are three elements in the design of an eccentrically loaded 
column, (1) the determination of the loads and moments to be carried, 
(2) the selection of permissible stresses and (3) the proportioning of 
the celumn to satisfy (1) and (2). This discussion is not concerned 
with element (1); the foregoing section has been devoted to item (2). 
Under (3), Fig. 4 and the accompanying discussion have indicated 
current methods of analyzing stresses, which may be used in designing 
the column section. Such analysis will usually be accomplished by 
the use of design charts, similar in nature to Fig. 4. Since this rather 
elaborate procedure is open to question, because of the uncertainty 
in the value of n involved, it seems worth while to propose approximate 
methods which should simplify the procedure. This same thought was 
embodied by Professor Cross in a paper presented to the Institute 
in 1929*. Since that time, the question has taken on added import- 
ance because of the increase in application of frame analysis to building 
design. 


_ *Design of Reinforced Concrete Columns Subject to Flexure, by Hardy Cross, Journat Amer 
Concrete Inst.. December, 1929.; Proceedings Vol. 26, p. 157. 
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For the column in which the eccentric load remains within the 
kern, the extreme compressive fiber stress is given by Equation 4: 
ec 
Pe) eae 
f=— |- _< re ve (4) 
A, L1 + (n-1)p, 

This equation may be applied without great error for eccentricities 
up to % of the column depth. It may very well be used for preliminary 
column design to determine the approximate size of column required. 
Equation (4) may be equated to Equation (1). 


(Eq. 4) Stress in Column = (Eq. 1) Permissible Stress 
ec ec 
(1 +—) fo (1 + —) 
P k2 7 k2 


e 
i+¢e2 

k? 
whence the allowable unit load for an eccentrically loaded spiral 
column hecomes 


ai _ Se (1 + (n 1) Po) _ .225 iP . SsDo ° « (5) 
A, 1+¢ ec 1+ ote 
k? k2 
For a tied column 
P 18 f.’ + 0.8 fip, P 
—— = -" = { >) 


A, 1+ a ee 

k2 
Values of C and P/A, are easily computed as in Table 5, from which 
design charts may be made up to permit extrapolation. 

The solution for cases of large eccentricity is not so simple, but 
until something better is found, the current design charts for concrete 
and steel design may be used in connection with the permissible 
stresses that have been established for concrete and steel. The 
assumption of uncracked section is correct up to values of varying 


roughly from 1.0 to 1.5, and the error due to using this assumption 
ec . . ° eye 
up to a value of rr = 4is small. For larger eccentricities than this, 


the problem approaches that of simple bending in a double reinforced 
beam, and at least preliminary designs could be safely made on this 
basis, using the permissible stress, f,, as given in Equation 1. 

It may be of interest to note how the test data of Table 2 compare 
with the permissible loads given by Equations 5 and 6. Inserting 
actual concrete strengths and four-tenths of the specification yield 
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TABLE 5-—-UNIT LOADS FOR ECCENTRICALLY LOADED COLUMNS BASED ON UNCRACKED 


SECTIONS 
Spiral Columns Tied Columns 
P 0.225 fe’ 4+ 16000 po p 0.18 fe’ + 12800 ny 
ly L+e5 ? (4c 
k2 . k 
Values of C fa/ 4 fe C fa/ 4 fe" 
‘? n 
Po 01 02 } O4 O06 OS 01 02 03 04 
2000 15 667 750 875 957 1.017 535 600 | 655 700 
3000 10 637 702 8O5 BSH 950 510 562 | 605 645 
1000 7.5 622 675 762 837 807 197 540 | 577 610 
5000 6 609 655 735 S02 S6O 10) 525 557 5S7 
i ' 
Values of P/Ag p.8.1 

f k2 Py Ol 0O2 O4 06 OS Ol 02 .03 O4 
2000 0 610 770 1090 1410 1730 iSS 616 744 872 
5 168 560 760 952 1145 sR5 74 61 646 

l 366 1440 581 720 R55 318 B85 150 513 

2 262 308 397 is4 56S 236 280 322 363 

4 167 193 242 292 340 155 181 206 230 

3000 0 835 995 1315 1635 1955 668 796 924 1052 
5 633 735 937 1131 1325 532 622 710 797 

l 510 584 72 SOS 1002 4142 510 575 640 

2 367 412 504 590 675 331 375 418 460 

1 235 261 311 360 107 220 245 270 204 

4000 0 1060 1220 1540 1800 2180 848 976 1104 1232 
5 810 912 1112 1310 1505 690 768 RSS 944 

1 655 730 875 1010 1150 566 633 700 765 

2 472 520 610 695 780 425 470 437 555 

1 304 330 381 428 475 L84 309 333 358 

5000 0 1285 1445 1765 2085 2405 1028 1156 1284 1412 
5 O85 1090 1290 1487 1682 823 O15 1005 1092 

1 SOO S75 1016 1154 12092 690 759 K26 800 

2 SSO 625 715 S00 BSH 519 564 608 650 

1 374 399 448 105 542 347 373 3908 422 


point strengths of the vertical steel, the permissible loads were deter- 
mined. From these, the average factor of safety for these columns 
failing in compression was found to be 3.30, omitting the unusually 
high values for groups A3 and B5. (Group A3 columns were without 
shells and Group B5 columns probably had less than the intended 
eccentricities). The lowest individual value of the factor of safety 
thus found was 2.71, for Columns Bld. The average value for the 
tied columns was considerably higher than for the spiral columns, 
due to the difference between Equations 5 and 6. 

The proposed analysis gives a method of determining the column 
size on the basis of concrete strength. The problem of designing the 
tensile steel, where it is needed, remains to be simplified. Obviously, 
no tensile steel is required until the concrete section is cracked, at 
values of varying roughly from 1.0 to 1.5. For larger eccentricities, 


the present design formulas and charts may be used, since they will 
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be much less affected by time yield than the expressions for the 
compressive stresses. Since the tensile steel required will not generally 
be a very important item of cost in the ordinary column, it may be 
sufficiently accurate to proportion the tensile steel as in a beam, 
using a conservative value of the moment arm of the tensile forces 
and of the steel area which is in a position to act effectively. Cer- 
tainly this procedure would be the logical one in the case of very large 
eccentricities, such as would be found in a column of a rigid frame, in 
which the design is governed by flexural rather than direct stress. 
SUMMARY 

With a view to simplifying design procedure for columns subjected 
to bending stresses, the authors have attempted to demonstrate that 
(1) the strength of columns is reduced very rapidly as the eccentricity 
of loading increases, following the familiar theory of an eccentrically 
loaded homogeneous member, but with a considerable margin of 
strength in excess of the theoretical value; (2) this excess is undoubtedly 
due to the assumption of straight line variation of the flexural compress- 
ive strength, and may be utilized in fixing the permissible working 
stress; (3) the conventional analysis generally presented in reference 
books is rendered inaccurate by the effect of time yield and shrinkage, 
but still is useful in indicating the probable error of simpler methods; 
(4) the simple theory applying to the uncracked concrete section 
may be applied without great error for eccentricities well beyond 
the theoretical limiting value which produces cracking; (5) a permissible 
compressive stress may be selected having values which follow an 
empirical transition curve between the allowable axial stress, on one 
hand, and the allowable bending stress, on the other; (6) this per- 
missible working stress lends itself, in combination with the proposed 
approximate analysis, to a very simple design procedure; and (7) a 
simplified method of proportioning the tension steel may also be 
developed. Some procedure such as has been proposed is highly 
desirable if the continuity of columns with floor systems is to be 
recognized in a systematic way in building design. 
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Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by June 1, 1938. For such 
discussion as may develop readers are referred to a Supplement to 
be issued with the Journat for Sept.-Oct., 1938 
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Discussion of a paper by Richart and Olson: 


The Resistance of Reinforced Concrete Columns to 
Eccentric Loads* 


CONVENTION DISCUSSION 


R. A. Caughey:} I should like to ask the speaker what attempt has 
been made to take into account plastic flow? 


Professor Richart: So far, no flow tests were made. We had a 
series planned but never made. However we do have, by carry-over 
from the old A. C. J. series, a good deal of information on what will 
happen in a column under steady load. We have also the results of 
tests on frames presented last year, and I think three years ago, with 
members under bending stress with compression reinforcement, and 
I think that was so near to the case of the eecentrically loaded columns 
that the results could be carried over. In both those cases we had an 
increase in the effective value of n in two years time of three to four 
times the original elastic value; if n were ten at the start, by the end 
of that period of steady load, the flow had increased so much that the 
effective n was thirty or forty. 

Joseph A. Wiseft: Are the quantities given here applicable through- 
out the range stated? Is it permissible to extend to the beam? 


Professor Richart: The point that is made here was that for columns 
which failed by compression, the theory of the uncracked sections 
held pretty well up to values of about one-half the depth of the section, 
and that with the ordinary amount of reinforcement, that was about 
the point where tension failure began. In the case of the ordinary 
beam, tension failure is the usual condition rather than the exception. 


*JournaL, Amer. Concrete Inst., March-April Proceedings Vol, 34, p. 401. 
tlowa State College, Ames, Ia : 
tUniversity of Minnesota, Minneapolis, Minn. 
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Robert C. Johnson*: Are we to conclude that we should concentrate 
vertical reinforcement on inside and outside in relation to the frame? 


Professor Richart: The further the reinforcement is from the neutral 
axis, the better. Anything that emphasizes the reinforcement 
is desirable; a large value of n, a large percentage of reinforcement, and 
getting it as far as possible from the neutral axis would all be good. 


Phil. M. Ferguson}: One point is not clear—possibly it was covered 
in the paper: Is it intended that this relation should apply over the 
entire relation of eccentricity? 


Professor Richart: That of course was the intention; it goes as far 
as necessary when it goes to the point where tension would govern. 
That has to be amplified by saying that if a very large percentage of 
tension reinforcement is used, then this method would have to apply 
to larger eccentricities. I believe it will hold true without any more 
error than we have at present with our textbook curves, in which the 
varying value of n does make the use of such curves uncertain. 

BENGT FREIBERG] 

This paper is a welcome addition in the controversial field of con- 
crete column design. Of particular importance is the pioneering 
experimental procedure to report the first maximum and the second 
maximum loads on spiral reinforced columns with shells. While 
the first maximum load gives us the limit of the column as a structural 
unit, the value of the second maximum load, which is that obtained 
with the spiral active and the shell disintegrated, permits us to com- 
pare more adequately the elements of the spiral reinforced columns 
and to see the outstanding advantage of these columns. It is obvious 
that if design is based on the second maximum load as the ultimate 
limit of capacity of the column, a considerably lower factor of safety 
may be used for spiral reinforced columns as compared to tied columns. 

A clear illustration of the action of the spirals may be obtained for 
both axially and eccentrically loaded columns by comparing the 
second maximum loads, because these loads are independent of the 
original size of the column, with the shell no longer capable of carry- 
ing loads. Such a comparison of the author’s data indicates differences 
in the strength contributing action of the spirals of different strength 
apparently not clearly in accord with previous investigations. 

The spirals, of identical dimensions, consisted of cold drawn wire 
with 80,600 p.s.i. computed yield point and 4 in. hot rolled steel 





*Boynton and Johnson, Fond-du-lac, Wis. 
+University of Texas, Austin, Texas. 
tLaclede Steel Co., St. Louis, Mo. 














Reinforced Concrete Columns under Eccentric Loads 420 -3 


spirals with 62,800 p.s.i. yield point. The cold drawn higher yield 
point spirals should contribute greater strength; the tested columns 
with hot rolled spirals, however, show higher strength for both first 
and second maximum loads in each case. 


In Fig. 1 have been shown graphically the second maximum loads, 
(a) for axial loading and (b) for 1l-in. eccentricity, for 2 per cent wire 
spirals and 4 per cent longitudinal reinforcement. On these diagrams 
have been plotted the values of similar columns having 2 per cent hot 
rolled spirals. Where rail steel vertical bars were used, the test data 
have been adjusted to the yield point strength of 4 per cent longitud- 
inal reinforcement of intermediate grade. Adjustment of the test 
data for 1 in. eccentric loads requires assumption of the distribution 
of the loads and stresses on the concrete and the steel. In Fig. 1 (b), 
both concrete stresses and steel stresses separately have been chosen 
to give 1 in. eccentricity with linear distribution. The extreme 
theoretical concrete stress has been chosen as 1.25 f’, and the extreme 
steel stress equal to the yield point. The assumptions result in reason- 
able proportionate changes in load capacity of the component parts 
of the column with the strength added by the spirals remaining 
unchanged. 


In Table 1 the data have been consolidated to show the amount of 
strength relative to the strength of the spiral material. 
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Fic. 1—DIVvISION OF FINAL LOAD FOR CONCRETE OF VARYING STRENGTH, 
2 PER CENT SPIRALS OF COLD DRAWN WIRE AND RAIL STEEL, TEST 
VALUES EQUALIZED TO 4 PER CENT LONGITUDINAL REINFORCEMENT. 
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TABLE I—CALCULATED SPIRAL EFFECTIVENESS FOR AXIAL AND Il IN, ECCENTRIC 
LOADS, HOT ROLLED AND COLD DRAWN SPIRALS 
Test Load Distribution of Load Spiral Load 
Column 2nd Max. -—— - Effectiveness 
Concrete Vertical Steel Spiral k 
Loads in Pounds—— | — 
Azial Load: Cold Dra wn Spirals 
Ala 


252,000 103,000 | 93,000 56,000 70 
A2a 287,350 | 176,000 | 93,000 18,000 22 
A3a | 309,650 | 169,000 93,000 48,000 60 
Ada | 381,700 | 232,000 93,000 57,000 71 
Axial Load: Hot Rolled Spirals 
Bla | $20,750 | 167,000 | 93,000 61,000 97 
Cla | 289 900 160,000 63,000 67,000 1.07 
C2a 357,250 160,000 126,000 71,000 1.13 
C3a | 420,150 | 169,000 | 189,000 | 62,000 99 
One Inch Eccentric Load. Cold Drawn Spirals 
lb 196,000 82,000 | 60,000 | 54,000 67 
A2b 207,450 124,000 | 60,000 23,000 29 
A3b 231,500 122,000 60,000 50,000 62 
A4b | 260,250 164,000 60,000 | 36,000 45 
One Inch Eccentric Load. Hot Rolled Spirals 
lb 229,950 119,000 | 60,000 | 51,000 81 
B2b 252,500 126,000 60,000 67,000 1.07 
C2b 267°700 122,000 81,000 64,000 1.02 


Cle arly, according to these tests, the cold dr awn spirals are only 24 
as effective as hot rolled spirals. The effectiveness is in all cases less 
than concluded from previous column investigations. Some difference 
may be due to the somewhat arbitrary proportioning of load to the 
other component parts. A number of tests reported in the A. C. I. 
Column investigation, however, show spiral effectiveness factors no 
greater than those of Table 

The longitudinal reinforcement apparently has no influence upon 
the action of the spirals; the columns of series B had only the spiral 
material changed, yet are grouped very closely with all columns 
containing hot rolled spirals. 

The explanation of the behavior must be attributed to characteristics 
of the materials. The lower modulus of elasticity of the cold drawn 
materials is possibly a contributing factor, particularly to explain the 
lower first maximum loads generally found for the columns with wire 
spirals. The greater frictional bond of the hot rolled surface will 
undoubtedly confine local excessive side yield of the concrete during 
the final stages of loading more effectively than the smoother surface 
of cold drawn wire. 

In the A. C. I. Column investigation the greater strengths, obtained 
with cold drawn spirals, were accompanied by large deformations 
(A. C. IL. Journat, Nov. 1931, Proceedings Vol. 28, p. 173). Appar- 
ently no such deformations could be produced structurally in the 
columns of this investigation. In columns of a similar nature hot 
rolled spirals evidently are preferable. For such spirals the advantages 
of high yield point still remain. 
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AUTHORS’ CLOSURE 


Mr. Friberg’s discussion brings up several points of interest. While 
I am not certain as to his method of adjusting the data for columns 
with l-in. eccentricity, the data of the axially loaded columns does 
indicate a somewhat greater effectiveness of spirals of hot rolled rail 
steel over drawn wire spirals. However, neither one approached the 
values found in the A. C. I. column investigation, due to the hinged 
ends of the columns. As soon as the spiral comes into play the original 
stiffness of the column disappears; it becomes a very unstable, highly 
plastic member, and with the hinged ends a very slight eccentricity 
will precipitate a bending failure. I believe this accounts for the low 
spiral effectiveness found in these tests. 


The test columns were designed to have balanced spiral and shell 
strengths. Since the concrete strengths over-ran slightly, there were 
only two cases in which the strength produced by the spiral exceeded 
that lost when the shell failed. 


It is doubtful whether the modulus of elasticity of spiral wire 
influenced its effectiveness. The moduli of the two kinds of wire 
would not vary greatly; furthermore, tests have indicated that the 
strength-producing effect of a lateral restraint is independent of the 
amount of movement of the restraining medium, which might be a 
metal hooping or a liquid pressure. 
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Construction of the San Jacinto Memorial* 
By C. A. BULLENT 


Apovut twenty miles southeast of Houston, on the historic San 
Jacinto Battlefield, the State of Texas has erected a fitting monument 
to her heroes, who, in the year 1836, gained Texas her independence 
in their decisive victory over the Mexican forces. This directly 
resulted in adding approximately one million square miles to the 
United States. 


Such a fitting memorial to those heroes was made possible through 
an appropriation of the Texas Legislature of $250,000, a Federal fund 
of $400,000, a Public Works Administration grant of $225,000, and a 
fund of $40,000 raised by local Texans. With the $900,000 thus made 
available the committee in charge proceeded to erect this beautiful 
structure. 


Alfred C. Finn, Architect, and Robert J. Cummins, Engineer, both 
of Houston, designed the structure, and the contract for construction 
was given to the W. 8S. Bellows Construction Co. of Dallas and 
Houston. 


The monument (Fig. 1) is an octagonal shaft, faced with Texas 
Cordova shellstone, that rises 570 ft. above the battlefield. Around 
the base of the shaft is a museum and art gallery 124 ft. square, which 
rises 45 ft. above the ground level; the floor of the museum being 15 ft. 
above the ground. The shaft itself is 48 ft. square at the base and 
tapers to 19 ft. square at the base of the star; the walls being fluted 
on four of the sides. On top of the shaft is a large structural steel 
and concrete star, faced with Texas stone, symbolic of “the lone 
star’ of the State of Texas. The star itself is 34 ft. high and tops 
the highest masonry structure in the world. Around the shaft approx- 


*Presented at the 34th Annual Convention, American Concrete Institute, Chicago, Feb. 22-24, 1938, 
tSuperintendent W. S. Bellows Construction Co., Houston, Texas. 


(421 





tae 


Bho 


Seo, teed ae 


=~ a —- 
a > 


A 


» 
ae 





422 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March-April 1938 





Fic. 1—SAN JACINTO MEMORIAL TOWER 


imately 90 ft. above the ground is a belt of stone carving 15 ft. high, 
portraying the history of Texas. The exterior stone walls of the 
museum are also carved and lettered. 


Due to the unusual! design of the monument, it being the only 
structure of its kind, former construction methods were of practically 
no use, and the contractor was forced to use new methods throughout. 
By no means the simplest of these problems was the huge base upon 
which the entire structure rests. This base, 124 ft. square, 5 ft. 
thick at the outside and 15 ft. thick in the center was necessitated by 
the nature of the foundation soil, a red clay which required the engineer 
to use an integral mass footing. During the excavation of the base, 
as soon as the excavating machines reached grade, a concrete seal 
slab 3 in. thick was immediately cast, to serve two purposes, to 
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Fic. 2—TWo-INCH BAR GRILL READY FOR PLACING FOUNDATION 
CONCRETE 


prevent drying out of the clay, thus preserving it in its original state, 
and to serve as a floor for the placement of the reinforcing steel. 

This reinforcing consisted of 2 in. sq. bars 110 ft. long, spaced 
61% in. on centers both ways. (Fig. 2). The bars were also specified 
to be welded together at the ends, and in addition it was found to be 
of great aid to the contractor to spot weld every ten bars both ways 
for ease in spacing. 

The bars were rolled in Birmingham, Ala. and were shipped via 
barge and unloaded on the Houston Ship Channel, only a mile from 
the job site. Surprisingly limber and easily bent, due to their excessive 
length, great care was necessary in handling the bars. A structural 
cradle was made to pick up the bars at two points, 65 feet apart, 
the unloading being done by a 70 ft. boom, derrick barge. The bars 
were then lashed to an 85 ft. pole to prevent bending and hauled to 
the site by placing wheels under each end of the pole. Placing of the 
bars in the mat was done with two 45 ft. boom cranes. Bars bent in 
handling at first presented a real problem. This was later very easily 
solved, by pulling the bars through a standard railroad rail bender 
with a truck. 
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SAFEGUARDS TO INSURE CONTINUOUS PLACING 

Preparations for the pour of the foundation, needless to say, were 
made with a great deal of thought and with an available supply of 
reserve equipment in mind. Due to the fact that the designing archi- 
tect and engineer wished the foundation poured continuously, the 
specifications were so written. In other words, failure to make a 
continuous pour would have meant tearing up the foundation and 
starting over again, which would have been a ruinous expense to the 
contractor. Some of the failures which might have occurred, and 
their treatment are as follows: 

Inasmuch as two l-cu. yd. mixers with a potential capacity of 
100 cu. yds. per hour were to be used, two spare machines were on 
hand to be brought into service within less than thirty minutes if 
needed. 

Two batching plants were employed with all sand and gravel 
stocked on the job. One plant would have been sufficient, however, 
the use of the second plant removed the congestion and also acted 
as a factor of safety. 

The concrete was deposited by means of 1 cu. yd. concrete paver 
buckets moving out over the excavation on a track and motivated 
by the mixers. As a safeguard against a breakdown of this device 
two hoisting engines were available to propel the traveling buckets. 

Two cranes for charging the batchers were necessary and two 
spare cranes were on hand for an emergency. 

Water was pumped from a lake 3000 ft. away by electricity with a 
spare gasoline road pump hooked on to the line for use if necessary. 
Tanks were also kept full of water with a four hours operating supply 
that could have been gravitated to the mixers. Extra pipe and fittings 
were available in the event of a break in the pipe line. 

Fourteen trucks were used to batch the mixers and haul the cement, 
with four trucks, a mechanic with repair parts and tires waiting on 
the side line. 

A system of floodlights was installed for night work, with carbide 
lights on hand in the event of an electrical failure. 

As a precaution against rain a large circus tent was set up over the 
excavation with drainage ditches provided to take away the water 
from the tent. The erection of the tent was difficult as no tent poles 
could be set up over the excavation and it was necessary to carry the 
ridge by means of a high line. 

7500 barrels of cement were on cars at a siding four miles from the 
job, which was enough to take care of the 5700 cu. yds. of concrete 
in the pour. 
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Last, but not least, was the problem of labor. As this was a P. W. A. 
project all labor had to come from relief roles from cities and towns 
within a radius of twenty miles. Transportation was provided and 
plenty of extra men were kept on hand. Inasmuch as very little 
labor had been used on the job prior to the big pour all men had to 
be selected by looks only, and of the 150 men employed not over 35 
had ever been on a construction job. Several dress rehearsals were 
held beforehand and to keep the men in a good humor coffee and 
sandwiches were available at all times. 3800 meat sandwiches and 
5700 cups of coffee were consumed by the men in 60 hours. An hourly 
bonus was also paid at the finish to those men who made all of their 
shifts. 

In making the pour two 1-cu. yd. pavers were set up on opposite 
sides of the hole, their booms being extended to 85 ft. This allowed 
“ach paver to make half of the pour and the actual placing to be 
done mechanically through the use of the regular paver buckets. 
Each paver boom was supported at two points over the hole by 14 in. 
I-beams running at right angles to the paver boom and supported 
by angle iron towers that extended to the bottom of the excavation. 
The booms were suspended from the I-beams by means of a traveling 
carriage, and the pavers were set on rollers so that the entire paver 
and boom could be moved the 124 ft. length of the hole during the 
pouring operation. The towers which supported the I-beams were 
spliced 8 ft. from the top, so that they could be removed when the boom 
and bucket touched them, and then replaced after the pouring oper- 
ation had passed. The towers were then left in the concrete and later 
burned off at the top of the concrete. 

A one cubic yard stationary mixer was also set up and a run-way 
built as the pouring progressed so that concrete could be placed by 
means of buggies if necessary. Fig. 2 shows the foundation at the 
start of the 6000 cu. yd. pour. 

The pour was completed in 57 hours, and fortunately everything 
went smoothly. The concrete itself was made, using 24% in. maximum 
size gravel and a minimum cement content of 4% sacks per yd., 
with a slump of 1% to 2in. Excellent bond to the steel was obtained 
by the use of two Mall concrete vibrators. The two pavers averaged 
90 cu. yd. per hour and when the foundation reached its greatest 
depth of 15 ft. for the 48 ft. in the center, the stationary mixer was 
started and the hourly pour jumped up to 120 cubic yards to keep the 
face of the concrete fresh at all times. As the area reduced on the 
opposite side of the center the third mixer was discontinued, thus 
the average for the entire pour was 100 cubic yards per hour. Need- 
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Fic. 3—TwIN STEEL TOWERS INSIDE THE MEMORIAL CONSTRUCTION 


less to say, the Architect, Engineer and Contractor were all much 
relieved when the pour was finished. 
The basement walls, first floor slab and museum roof slab were 
framed and poured by ordinary construction methods. 
STONE FACING SERVES AS OUTSIDE FORM 
In the construction of the shaft a unique and practical method 
was employed. The shaft walls were four feet thick at the base and 
two feet thick at the top, and all concrete was specified to be placed 
against the stone facing which served as outside form for the concrete. 
TOWERS AND SCAFFOLDS 
As a working system two structural steel towers were erected, 
consisting of four 8 in. H-columns and four 6 in. H-columns tied 
together with the necessary horizontal and sway bracing. (Fig. 3). 
The towers were erected by means of a guy derrick, and were always 
kept erected about 100 feet ahead of the construction. Supported 
from this tower by means of eight double reaved one inch cable was a 
structural steel working platform 50 ft. square with hatches provided 
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Fic. 4 ano 5—HolstT, TOWER AND WORKING PLATFORM: PL? /ING 
NATURAL STONE FOR OUTSIDE FORM 
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for two cages to land on the platform. By means of a system of 
differential drums and eight 5-ton hand wenches this platform could 
be raised by cranking the wenches at the rate of 1 ft. in five-minutes. 


Twenty five feet below and on the inside of the tower was suspended 
a working scaffold the size of the inside of the shaft. From this the 
wall forms were erected and concrete placed. 15 ft. below this was a 
scaffold for wrecking the forms. 


At the same distance below the large working scaffold only on the 
outside of the tower was another swinging scaffold three feet wide 
and completely circling the tower. From this scaffold the masons set 
all stone. Ten feet below was another similar scaffold two feet wide 
which was used for cleaning and pointing the stone, thus completing 
all work as the scaffold went up. 


The entire weight of the working platform, the four hanging scaffolds 
a load of two courses of stone stocked ahead, and 75 workmen was 
approximately 65 tons. Fig. 4, 5 and 6 give a good idea of the working 
hoist, towers and platform. 


As the first 60 feet of the stone above the roof of the museum was 
sculpture stock, practically every piece weighted 8000 lb. These large 
stones were set by means of two 45 ft. Chicago booms fastened to 
diagonal corners of the structural steel tower. (Fig. 4 and 5). These 
booms, as well as the guy derrick, were operated by electrical hoisting 
engines set in the basement. A telephone system carried in conduit 
from signal man to engineer was very successfully used. Both booms 
were of such length that they could pick up the stone from a truck on 
the first floor, carry the stone through a skylight in the roof and place 
it directly in the wall. 


Above the sculpture stock for the remaining height of the structure 
the stone was in courses 2 ft. high and the maximum weight of the 
pieces was 500 lb. These stones were taken to the top working plat- 
form on the cage and lowered through trap-doors with mobile hand- 
operated stone derricks to the wall below, where they were set by the 
masons. 


As was previously stated the stone formed the outside form for the 
concrete. This necessitated a wall-tie that would not only hold the 
inside forms, but prevent motion of the stone. These ties made of 
high tension steel were allowed to pass through the bed joints in the 
stone, and a whaler was thus placed on the outside of the stone. The 
ties were crimped for a breakoff in back of the stone, and after the 
concrete had set the whaler was removed and the ties twisted off 
back into the concrete before the stone was pointed. 
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Fic. 6—PROGRESS VIEW IN TOWER CONSTRUCTION 


A wooden interlocking form was designed in 2-ft. heights and the 
other ends of the ties were employed to hold the forms. The break-off 
was again employed on the inside of the wall and after all ties were 
broken the forms dropped down and were hoisted above and used 
again. 

Wall reinforcing consisted of two.rows of 34 in. deformed bars on 
10-in. centers vertically and horizontally in the outer and inner faces of 
the wall. This steel was kept 10 ft. ahead of the stone setting at all 
times. s 

At 24-ft. intervals, four 18 x 36 in. intersecting concrete tie-beams 
occurred during the entire height of the tower. Inasmuch as each beam 
had 16 large reinforcing bars running from wall to wall it was necessary 
to hoist them on the outside of the tower with the guy derrick and 
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slide them end-wise into place. These beams presented a problem 
and it was necessary to stop the upward progress of the tower one day 
each week to frame the beams, place the steel and pour them. A 
concrete stairway was framed and poured as the tower went up, and 
inasmuch as the stairs carried into the tie-beams every 24 ft. the phase 
of the work could not lag. 

In brief, the operation consisted of placing the steel, setting a 
course of stone, building two feet of forms, cranking up the working 
platform two feet and then pouring. This operation was repeated 
three, and sometimes four times a day. This made possible a schedule 
of 24 ft. of tower a week, with four days of wall construction and one 
day of beam construction. This schedule with the help of excellent 
weather was kept up for 15 consecutive weeks. Weather and other 
factors then delayed the progress slightly. To make six feet of wall 
a day it was necessary to place three tons of steel, set one carload of 
stone, pour 75 yds. of concrete, build 1200 sq. ft. of forms, point 1000 
lin. ft. of stone joint and raise a 65-ton working scaffold 6 ft. 

The above described method was employed the entire height of 
the tower until the slab at the base of the star was poured. The scaff- 
old was then wrecked and lowered to the ground with the guy derrick 
and the structural steel construction tower removed from the inside 
of the tower. 

BUILDING THE STAR 

As a method of building the star, 14-in. eye beams were placed on 
the top slab and allowed to cantilever out over the walls about 6 ft. 
These beams were then planked over the outside of the wall to serve 
as a new working scaffold. In order to get materials to the star it was 
necessary to extend 24 in. I-beams out windows at the observation 
floor which was 500 ft. above ground. Ninety feet of tubular tower 
was then erected on these cantilever beams up the outside of the 
shaft. A cage was placed in this construction tower and all materials 
were taken up the inside of the shaft to elevation 500 and then trans- 
ferred to the outside cage and carried to elevation 570. Fig. 7 shows 
a view of the set up for construction of the star. 

The star, built of structural steel, concrete and stone, had a height 
of 34 ft. and of course like dimension horizontally from point to point. 
As the star was erected on 19 ft. square base the points overhung the 
base somewhat, making the construction problem more difficult 537 
ft. in the air. 

The guy derrick was used to erect the structural steel frame, and 
after erection it was necessary to take down the 40 ft. mast and boom 
from the top of the star so that other construction could continue. 
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This was quite a task as both the mast and boom had to go down inside 
of the tower, due to the taper of the outside of the shaft. 

Not one piece of stone in the star was set either plum or level, 
due to the odd shape of the work. In some cases a form was built to 
hold up the stone, the stone laid on the form, the reinforcing steel 
placed on top of the stone, and another form built then the concrete 





Fic. 7—GENERAL VIEW FALSE WORK SET-UP FOR CONSTRUCTION 
OF THE STAR 


placed. In other cases this procedure was reversed, working from 
the inside of the wall out. As was done on the entire structure below, 
the concrete was again placed against the stone throughout the star. 
Stone was brought to the top in 12 x 12 in. blocks, 3 in. thick, and cut 
to fit. Colored white cement mortar was used in laying all the stone 
on the star to eliminate the pointing. 


Before the actual star was built a 1 inch scale model was made of 
ply-wood, erected in the air and revised several times at the direction 
of the Architect until the proper shape was obtained. The Contractor 
then built a full size wooden model of the star and drew a set of plans 
from the model by measuring horizontal sections at every one foot of 
vertical height. The model was also used by the Contractor and 
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Engineer in getting out plans for the structural steel which, needless 
to say, was somewhat complicated. 

Twenty working days were required to set the stone and pour the 
concrete for the star which is seen in Fig. 1. As there were only two 
carloads of stone in the star one can readily see how much cutting and 
fitting was necessary. 

Through the use of safety precautions and safety education together 
with a lot of good luck, no one was seriously injured in the construction 
of the monument, which was an unusual record in construction of so 
high and dangerous a character. Undoubtedly enough lives had been 
lost on the same site 100 years before. 


As this paper is presented the monument is practically completed, 
with the exception of a small amount of interior finish in the museum. 
The Architect, Engineer, Contractor and others associated with the 
monument are very proud of the structure and feel that due to it’s 
good design and construction, it should stand for several hundred 
years as a fitting monument to Texas Heroes. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institule by June 1, 1938. For such 
discussion as may develop readers are referred to a Supplement to 
be issued with the Journau for Sept.-Oct., 1938. 
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Premature disintegration of concrete in a number of pavements 
and structures in California during the last 20 years was the occasion 
for the studies described in this report wherein there is set forth the 
results of sulphate durability tests on all of the local commercial 
brands of cement, plus a few special cements. 


The study has been of great value in that the results very definitely 
indicate essential specification requirements for cement to be used 
in constructions which may be subject to severe attack either by 
waters leached from the alkali soils which occur rather extensively 
throughout the State or by the deleterious salts in sea water. 


For the most part the results of these tests confirm the conclusions 
of other competent investigators. Their principal value to the Cali- 
fornia Division of Highways lies in the proper classification of the 
particular cements available for local use and the building of a 
background of test data to justify precautionary measures through 
specifications which may in some cases require the payment of a 
premium. 


While it is true that the results of the tests described apply to the 
local California cements and may not in all cases be of universal 
application, nevertheless it is believed that certain major trends are 
clearly indicated which should be of general interest. 





*Presented at the 34th Annual Convention Amer. Concrete Inst., Chicago, Feb. 22-24, 1938—by 
H. F. Gonnerman, in the absence of the authors. 

tMaterials & Research Engr., California Division of Highways. 

Asst. Phys. Testing Engr., California Division of Highways. 
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HISTORICAL 

An eight mile section of portland cement concrete pavement was 
constructed south of Willows, Glenn County, Calif., in 1914 and 
1915 over a soil heavily impregnated with alkali. The concrete, 
which was of a 1:21%:5 or five sack mix, in a few years showed con- 
siderable distress and within a short time thereafter disintegrated and 
broke up to such an extent that by 1922 the major part had to be 
resurfaced. 


While it was known that alkali had been the apparent cause of 
failure on other works, some tests conducted by the Division of High- 
ways between 1912 and 1914 indicated that no serious trouble might 
be anticipated from the Willows Alkali. 


In 1912 and 1913, durability tests were made on some 1-3 mortar 
briquets exposed to a wet sand composed of practically pure white 
alkali gathered from the surface of the small dry lakes south of Bakers- 
field, Kern County. 

The briquets after aging for twenty-eight days were placed in the 
damp alkali with the upper third exposed to the air. 

There was a steady increase in tensile strength up to 180 days, 
the strengths being 398 p.s.i. at 14 days and 681 lb. at 180 days. 
From these results, it was concluded that alkali similar to that used 
in the test would have no deleterious effect, at least up to 180 days. 
No chemical analysis of this particular alkali is available, but from 
later analyses of Kern County Alkali, it is probable that it contained 
only a trace of magnesium sulphate. In the report on this test it 
was pointed out, however, that there are some alkali deposits in 
California which rapidly destroy concrete. 

A later report gives the tension tests at one year as averaging 625 
p.s.i., a slight decrease from the six month’s test, but not enough to 
be significant. The only effect noted was a slight surface discolor- 
ation turning the concrete a rusty brown for a depth of about 1/16 in.* 

In 1917 some tests were made on an alkali soil from the Coachella 
Valley in Southern California from which it was concluded that the 
alkali would not “react chemically with the cement so as to break 
down the cementing minerals and thereby weaken the compressive 
or tensile strength of a concrete pavement’’, although it was stated 
that ‘‘due to the formation of alkali crystals on the surface of the con- 
crete’ the alkali soil would have an adverse physical effect on the 
surface of any concrete pavement exposed to long continued wetting 


*Departmental Reports of F. T. Maddocks, Testing Engineer and C. B. Osborne, Geologist, 1913- 
1 
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and drying.* It was reported that samples of soil showed 36 per 
cent soluble salts of the following analysis: 


ce | re ene 45 per cent 
Sodium Sulphate................ .54 per cent 
Magnesium Sulphate............... None 
Potassium Chloride............... . Trace 
Potassium Sulphate.................Trace 


It was further commented that magnesia is supposed to have an 
adverse chemical effect on cement concrete and that tests recently 
completed in the Laboratory with magnesium salt solutions indicated 
that such solutions do react chemically with the cement minerals 
of portland cement and break down the strength of concrete.* 

By January of 1919 the pavement constructed south of Willows 
in 1915 was showing such distress that a special condition survey was 
made. A departmental report by Testing Engineer F. T. Maddocks 
under date of March 31, 1919, described the cracking (longitudinal 
cracks) of the roads in the first 7.1 miles south of Willows as being 
about in proportion to the depth of the alkali deposits on the adjacent 
ground; the thicker the deposits, the more advanced the cracking. 
The next 15 miles showed only slight coating of alkali and the longi- 
tudinal cracking was very slight. The aggregates used were Marys- 
ville sand and Natomas crushed boulders, both highly resistant to 
sulphate attack. 

Note is made in the report that the concrete was poorly fabricated 
and lacked density, also that the subgrade was weak, having low 
bearing value. While there is no doubt but that the poor subgrade 
contributed materially to the early cracking it cannot be blamed for 
the subsequent complete disintegration of the concrete which in the 
light of later information must be attributed to the action of the 
alkali, particularly the salt high in magnesium sulphate. 

Tension briquettes and 2” compression cubes of 1:3 mortar were 
half buried in samples of this alkali soil. At the end of a year the major- 
ity of the specimens showed signs of disintegration, but apparently 
the action, except in a few cases, was not especially severe. 

The records do not contain an analysis of this particular soil but in 
July of 1920 a sample taken two miles south of Willows analyzed as 
follows: 


per cent 
Water Sol. Salts....... a 6.35 
Organic Matter...... one Ve 10 
Extraneous Material................. ... 93.55 — 
Total 100.00 


*Departmental report of C. B. Osborne, Geologist, May 1, 1917. 
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Hypothetical Compounds 
Sodium Chloride (NaCl)......... 
Sodium Sulphate (Na.SO,)...... 
Sodium Carbonate (Na,CO;). . 


Total 


The following year (1921) new samples of soil from the Willows, 
Bakersfield and Coachella Valley areas were analyzed at the San 
Bureau of Standards with the 


Francisco laboratory of the U. S. 
results shown in Table 1. 


TABLE 1 


1 Mile South 7 Miles 
of Willows; South Coachella 
Surface of Bakersfield Valley 
Crystals Willows (Mecca 
from Ditch 
Water Soluble Material in Soil as Sampled: 30.44% 42.82% 
Calcium Chloride 1.33% 0.095% 
Magnesium Sulfate 13.62% 0.019 
Sodium Sulfate 63.65 3.102 
Extraneous Matter - 69.56 57.18 
Total 78.60% 3.216% 100 .00% 100 .00% 
Hypothetical Compounds 
Calcium Chloride. . , ee 1.69% 2.95% Trace 4.72% 
Magnesium Sulfate 17.33 0.60 Trace 9.01 
Sodium Sulfate 80.98 96.44 41.82% 31.69 
Sodium Chloride - 29 .63 | 53.08 
Sodium Carbonate 28.55 1.50 
Total 100 .00% 100.00% 100.00% | 100 .00% 
The low percentage of alkali and the practically complete absence 
of magnesium sulphate in the soil from 7 miles south of Willows 


corresponds to the area in which the road disintegration was slight, 
and the high percentage of alkali and high magnesium sulfate content 
corresponds to the areas where the disintegration was most severe. 


A more extensive investigation was started in 1921 in which 4% in. 
concrete cubes of different proportions 1:244:5;1:2:4;1:14%:3 and 


1:1 3/5:2 7/8 (Max. Den.) were stored 


buried with the top level with the soil surface and some buried for 
only one half the depth. Some of the specimens were covered with 
All specimens were alternately wet and dried. 
Sulphate resistant coarse and fine aggregates were used. 


bituminous coatings. 


No chemical analyses of the cement, either in the original pavement 
south of Willows or the test specimens fabricated in 1921 are available, 
but from a knowledge of the brands used and typical analysis of 
cements manufactured during these years we have the following: 
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25.73 
46.00 
28.27 


“100.00 — 


in alkali soil, some being 
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Assumed Chemical Analysis—Per Cent | Compound Composition— Fine- 

| Per Cent ness 

~t j= ay ay ——— | 20 

SiOz | Fe:O;} AlOs| CaO | MgO} SOs | CAF | CsA | C38 | CS Mesh 

1914 brand 22.9} 2.5 7.2} 64.0] 1.5 1.4 7.6] 14.8 30.1 | 43.1 81.4 
1920 brand 21.5] 3.1] 6.8] 65.0| 1.6] 1.3] 9.4] 12.7] 47.6 | 25.8 | 83.6 


These two cements correspond in chemical composition with the 
cements CS and DS which have shown earliest and greatest distress 
in the 1934 and subsequent tests hereinafter described and, in fact, 
the 1914 brand was identical with Cement CS of the 1934 series. 

The alkali in the soils in which the 1921 test specimens were stored 
analyzed as follows: 


Willows Coachella | Bakersfield 

Per Cent Per Cent | Per Cent 
Sodium Sulphate. . 88.71 31.69 41.82 
Magnesium Sulphate 9.97 9.01 Trace 
Calcium Chloride. . 2.32 4.72 Trace 
Sodium Chloride... 0.00 | 53.08 29 .63 
Sodium Carbonate... 0.00 1.50 28.55 

100.00 100.00 100.00 


By 20 months, the 1:244:5 specimens stored in Willows and Coach- 
ella Alkali had completely disintegrated, whereas the Bakersfield 
alkali specimens showed only 15 per cent disintegration at 44 months, 

The loss was less as the cement content was increased until the 
average disintegration at 44 months was only about 45 per cent for 
the 1:114:3 untreated specimens. Little difference was noted between 
the specimens buried with top surface only exposed and those half 
buried. 

Fig. 1 shows the condition of several sets at the conclusion of the 
test (44 mo.). It will be noted that the specimens entirely coated 
with asphalt suffered the least. 


It is of interest to note that the studies of 15 to 20 years ago gave no 
consideration to relative resistance of cements of different composition 
the assumption apparently being that it was impossible to predict 
the durability of a cement from a chemical analysis and that, there- 
fore, the only solution was some protective coating. 

CURRENT TESTS 

The development of knowledge of the importance of composition 
of portland cements, combined with the availability in California 
of commercial cements known to be relatively resistant to sulphate 
attack from alkali soils and sea water, was the incentive for the 
initiation four years ago of a series of tests of all of the commercial 
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Fic. 1—DISINTEGRATION SPECIMENS 1921 SERIES AFTER 44 MONTHS 
STORAGE IN WILLOWS ALKALI (TOP); COACHELLA ALKALI (CENTER); 
BAKERSFIELD ALKALI (BOTTOM) 


In each of the three groups of specimens the top row, A the concrete mix was 
1:21%:5; row B, 1:2:4; row C, 1:14:38; row D, (bottom row in each group) 1:1.6:2.87. 
In their vertical arrangement there are six rows in each of the three groups: 1, at 
left, is of plain concrete; 2, oil admixture; 3, hydrated lime admixture; 4, asphaltic 
covering; 5, asphalt carpet covering; 6 (extreme right’, asphaltic concrete wearing 
surface. 
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TABLE 2——-PHYSICAL CHARACTERISTICS OF CEMENTS USED IN FIRST AND SECOND 
ALKALI SOIL TEST SERIES 


| | Fineness Tensile Strength—p.s.i. | ere 
= : | 1:3 Mortars | &o = 

I ime of Set | Wet } Sur- \ ~ 
| icat Sieving | face Standard Ottawa | Graded Livermore | >t g 
Ident. | Sp. |N. C Percent | Area | Sand Sand 123i 8 
Gr. | |Hydro-} | P , ' | S$ gh 
} Ini- |Final 200|--325| meter | 3 | 7 28 3 7 28 1 | =n 
| tial } Day | Day | Day |Year|Day | Day| Day |Year| <.532 

CEMENTS USED IN FIRST SERIES 
3:20) 4:35) 93.5] 84.3) 1364 290} 380) 425) 390 14 
3:50} 5:05) 91.9} 81.9 | 1562 260) 335), 420) 425 01 


2:25| 3:40) 94.7) 85.8) 1240 | 255) 330) 420) 425 07 
2:10) 3:10) 92.4) 80.8] 1275 | 265! 335! 410! 410 04 
l 410 





40) 3:30!) 98.6) 88.9! 1758 | 300] 350! 440 17 
Cs | 3.14) 24.6) 2:05] 3:20) 91.6) 82.1] 1538 | 290] 355] 475| 435 18 
DS 3.16) 24.0) 2:30) 5:10) 95.3] 87.0) 1582 | 295! 405! 470! 430 05 
DLI1 2.90) 33.0) 1:25) 5:25) 98.8) 93.8! 2050 | 310) 400) 500) 560 008 
DL2 3.00} 28.0 :50} 6:20) 97.5) 91.3] 1875 | 315! 405) 500! 490 002 
DL3 2.93) 34.0) 3:00) 6:10! 97.8) 91.6} 1980 | 290! 400) 510! 500 004 
ES 3.18) 24.0) 3:40) 4:55) 95.0!) 86.0! 1380 | 305) 415! 470! 470 06 


CEMENTS USED IN SECOND SERIES 








AS 3.06! 25.0) 3: 4:50| 93.2) 83.7) 1300 | 230| 320) 420) 400] 320/ 445) 555| 680! .12 
ASW | 3.08] 23.6) 3: 5:15) 91.7| 83.6) 1536 | 285) 365| 435) 430) 375] 490] 610) 700! .008 
AH 3.02] 29.4) 1: 2:55| 99.5) 98.6) 2030 | 355) 430) 530) 450) 590] 600) 710! 765! .07 
AT 3.05) 25.0) Ls: 2:45) 96.0) 87.8) 1722 | 255) 330) 435) 445) 365) 460! 595 705) .003 
BS 3 1:50| 3:10) 95.0) 85.6) 1301 | 265) 360) 415) 415) 360) 460] 565! 675) .09 
BL-3 | 3 1:35) 3:15) 98.6) 91.7] 1758 | 305) 370) 425) 385) 380) 485) 555| 715) .04 
BSW | 3 1:45) 2:45| 90.8] 80.0) 1291 | 255) 330) 395] 385) 390] 515| 610] 710| .04 
BH 3 1:10} 2:40) 99.5) 96.9] 1760 | 350} 405 450) 440! 620) 675| 720) 765 








cs 3 2:05) 4:05) 91.2] 81.4) 1465 | 265! 360) 420!) 435) 380) 460! 625 685 15 
CH 3 2:15) 4:15| 90.7] 79.7) 1647 265) 325!) 405) 475) 360) 475!) 595) 655) 
CW 3 3:15) 4:45) 95.1) 85.6] 1516 | 260) 295) 395) 400) 360) 465) 545 620] .39 
CHi1 3 1:50) 3:00) 93.4) 83.4! 1455 290! 370; 450) 465! 385 465) 545 665) 
CB 3 2:05) 4:05) 91.2) 81.4) 1465 | 245) 355! 430!) 440 } 
C8-2 | 3 2:20) 4:20) 91.5} 82.0) 1480 | 295) 370) 440) 445! 330) 390) 575! 6R0) 
CH1-2) 3 2:00) 3:15) 91.7} 82.6) 1489 | 290) 365) 425! 440) 410) 470!) 590) 660) .14 
CL-2 2:45) 5:35) 94.0] 84.4) 1860 | 240) 305) 455! 575) 295) 385) 610! 680) .07 
DS 3.12) 24.0) 2:50) 4:35) 94.8) 87.1] 1378 | 270) 350! 435| 415) 330] 490] 625! 695) .O8 
DLI 2.82) 31.0) 3:05) 5:05) 98.9} 95.2) 2130 | 330) 425! 520) 540) 485/] 605! 770! 800! .01 
DL2 3.00] 28.6) 3:20) 5:00) 96.7] 90.8] 2008 | 295!) 360] 480) 545) 415! 575! 710! 790) .006 
DH 3.12) 24.4 45) 1:50) 99.6) 97.8) 1890 | 355| 440) 470! 450! 570! 665) 690) 775 
DSW | 3.12) 24.6) 3:10) 5:40) 95.5) 87.5] 1455 | 265) 350! 435! 435) 375! 495%!) 630 705|\ .001 
ES 3.15} 25.0) 2:55! 4:40) 93.6] 83.7! 1360 255) 375) 460) 455! 385) 550) 690 06 
EH 3.14) 24.4} 1:05) 1:35] 99.1) 97.3) 2165 | 410) 455) 535) 470) 630) 710) 775 05 
EW 3.03) 24.4) 2:55) 4:20) 96.5) 91.1| 1547 | 265) 350! 445) 435!) 395) 540! 700 07 
ESW | 3.15) 24.4| 2:25] 3:55| 92.0] 82.2} 1391 | 245| 360] 460] 470| 360! 520) 645 05 
Hs 3.14] 24.0) 2:45] 4:45] 93.4] 74.7) 1498 245) 345) 390) 400! 395) 535! 610 33 
HM 3.10) 24.0) 2:10) 3:20) 89.6) 85.5) 1572 | 240) 345) 400) 420! 330) 430! 620 31 
HL 3.16) 22.0) 1:45] 3:30) 92.0] 84.0) 1563 | 165] 210) 315) 420) 195! 290) 495 27 
HSR | 3.15) 23.0) 3:00! 4:30) 95.6) 88.5| 1532 | 245! 310] 435! 460) 320! 445! 630 | .14 
HW | 3.08] 29.0) 3:45] 5:15! 96.9! 93.0) 1770 | 280) 360) 455) 495) 405) 495) 630) 30 
Is | 3.12) 23.6) 2:15 3:40) 93.8) 85.0) 1415 255| 335) 435!) 475 
JL 2.91) 30.0) 2:25) 4:20) 93.7) 86.6] 1542 | 220) 295) 445] 495! 275] 385! 625 O8 
JH | 3.09] 26.6] 2:55) 4:55) 97.4] 93.3! 1936 | 395) 440) 470) 435) 550) 625| 710 | .14 
KS 3 5:10) 94.9) 86.5) 1492 255) 335! 465) 420) 365) 500) 655 12 
KSR | 3 1:40) 95.9] 90.4) 1622 | 295) 360) 460! 470) 345) 465] 650) 740| .09 
KM ] 4:10) 96.2) 90.8] 1639 | 270) 360! 455) 450!) 390) 535! 685 19 
| } | 
LS | 3.11] 23.0] 2:00| 4:00) 92.6] 84.3] 1544 | 280] 385] 470! 440] 425] 560! 675) mf 
LO | 3.16) 23.0) 1:50] 3:35| 93.4] 85.6] 1564 | 280) 360] 465! 430! 370) 525 645 | 2 
LSR | 3.17| 21.4] 1:20) 2:45) 96.0| 89.7) 1643 | 225| 275] 425! 450! 290] 380] 550 | .O11 
LM 3 23.6) 3:45) 5:20) 96.8!) 90.6) 1827 | 290] 390) 465) 505! 395) 555] 720 038 
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TABLE 3—CHEMICAL CHARACTERISTICS OF CEMENTS USED IN FIRST AND SECOND 








ALKALI SOIL TEST SERIES 


Oxide Analysis—Per Cent 


—— 








Identt.| SiOz | FexOs| AlsOs| CaO | MgO} SOs aol ' | Iron 
| | } on | Resi- C.AF C3A C38 CS Ratio 
} Ign due | 
CEMENTS USED IN FIRST SERIES 
AS 21.1 | 3.2 | 5.7 | 64.1 | 1.9 | 1 er - oot Oe | 006-4 6.4.1 16:4. |' 1.77 
ASW | 21.4 | 4.2 | 5.0 | 63.6 | 1.8 | 1.2 | 2.1 2112.9] 6.1 158.5 }15.8 | 1.18 
| | | —————— ——_ — ——— —_—-— | - — | | 
22.0 | 2.8 | 5.8 | 63.7 | 2.0 | 1.7 1.9 2) 8 4 | 10.8 | 56.5 | 17.3 | 2.10 
BSW | 20.9 | 4.6 | 5.5 | 63.8 | 2.0 | 1.8 | 1.7 | 2/13.9) 6.8 | 53.3 !'19.3 }] 1.20 
BL-2 | 34.8 | 3.2 | 6.7 | 49.8 11.9 | 1.5 | 1. 18.3 | See Footnote 
cs 21.6 | 2.3 | 7.5 | 63.3 | 1.4 | 1.6/1.6 | .1 | 6.9| 16.0 | 35.7 | 34.9 | 3.28 
Ds 21.4 | 2.5 | 6.6 | 63.9 | 2.6 | 1.7 | 1.7 .2 7.7 | 13.2 45.9 26.3 | 2.61 
DLI1 33.6 | 2.7 | 7.6 | 50.5 2.0 | 1:2 | 2.3 | 16.5 See Footnote 
DL2 27.5 4.6 6.1 56.3 | 1.9 1.8 19); 8 6 } See Footnote 
33.9 | 4.2 | 6.4 | 49.2 | 1.7 | 1.2 | 2.5 | 18.2 | See Footnote 
AS ES PER Ets Ce, Paes . a Soeeee “a ' 
ES 23.5 | 1.9 | 4.1 | 65.5 | 1.6 | 1.4 | 1.3 3 | 5.7] 7.6 | 56.5 [23.9 | 2.16 
CEMENTS USED IN SECOND SERIES 
AS 21.7 | 3.1 | 5.0 165.5 | 3.0/1.4 | 2.5 1 9.4 7.9 | 60.6 | 16.3 | 1.63 
ASW | 21.8 | 4.7 | 4.8 | 64.8 | 2.4 | 1.6 | 2.5 | 2/|14.3] 4.8 | 55.8] 19.9 | 1.02 
AH 21.1/2.9|5.1/65.4/29/2.3/3.9] .2| 8.8] 8.7 | 61.8 | 13.4] 1.76 
AT | 24:5 0.7 |6.1 | 67.2 | .7 | 1.5 | 2:7 4| 2.1] 15.1 | 43.1 | 36.7 | 8.82 
BS 22.6 | 2.6 | 6.2 05:2 14:9 12.7 F217 4| 7.91 11.9 | 46.4 ! 28.7! 2.38 
BL-3 35.4 4.7 5.3 51.5 ) 2.0 3.8 18.5 See Footnote 
BSW | 21.6 | 4.9 | 5.5 | 64.9 | 1.5 | 1.7 | 2.0 | .1|14.97 6.4 | 51.7 | 22.7] 1.10 
BH 21.7 | 4.3 | 5.3 |64.9/16/2.2/20] .2]13.1| 6.6 | 53.3 | 21.5 | 1.24 
cs 21.6 | 2.3 | 7.2 | 65.2/1.4]1.8 | 1.6 At 7.01 26.2% | 46.2 197.6 | 3.13 
CH 24.3 | 3.2 | 7.1 | 68.2 | 1.3 11.6 | 2.0 | 2.1 | 6.7 | 15.1 | 33.0 | 38.8 | 3.22 
CW 22.1 | 2.4 | 7.0 | 65.0 | 1.3 | 2.0 | 2.0 ol 7.3} 14.6 | 40.3 | 32.8 2.92 
CH1 | 21.6 2.3 |7.2 | 65.2 1.4} 1.8] 1.6 | 1] 7.0} 15.1 | 45.2 | 27.6 | 3.13 
CB 21.6 2.3 | 7.2 | 65.2 | 1.4 1.8 | 1.6 | 1 | 7.0] 15.1 | 45.2 | 27.6 3.13 
CS-2 | 22.9 | 2.5 | 7.1 | 63.9 | 1.2 | 1.7 | 3.0 2] 7.6) 14.6 | 31.3 | 41.5 | 2.84 
CH1-9 | 22.0 | 2.5 | 7.1 | 68.9 11.2 11.7 13.0] .2] 7.6} 14.6 | 31.3 141.5 | 2.84 
CL-2 37.4 | 2.6 | 8.1 | 49.0 8 |} 1.7 | 3.1 | 21.1 | See Footnote 
—_—— —— |—_— | _— : ——}—_—_—_ | —___}|_ , 
DS | 21.2 |2.3|6.7/65.9|}2.2/1.7|2.0] .2| 7.0] 13.8 | 55.3 | 18.6 | 2.89 
DL1 33.0 2.3 7.3 53.9 1.9 } 1.4 | 2.4 | 14.5 See Footnote 
DL2 28.3 | 4.0 | 6.3 57 .7 1.9 11.5 | 2.3 8.2 See Footnote 
H 21.6 | 2.0 | 6.4 | 66.1 | 2.0 | 2.1 | 2.1 1 | 6.1] 13.5 | 53.7 [21.21 3.20 
DSW | 21.0 | 5.1 | 5.4 | 65.1 | 2.1/1.6 | 1.4 1}15.5| 5.6 | 58.2 | 16.1 | 1.06 
ES 23.1 | 2.1 | 4.2 | 67.0/1.7|1.6|2.0| .4] 6.4] 7.7 |63.91]17.0| 2.00 
EH 22.1 | 2.3 | 3.9 |66.3)1.8)25)/3.5 |) .4| 7.0) 6.4 | 68.0 | 11.0] 1.70 
EW 22.3 | 2.2 | 4.5 | 67.4 | 1.7 | 2.2 | 2.1 | 5 | 6.7] 8.2 | 68.8 | 10.7 | 2.04 
ESW | 23.4 | 2.4 | 4.1 | 67.0 | 1.7 | 1.7 | 2.2 9 7.31] 6.0 | 66.1 | 15.8 | 1.71 
sania a Se eee ee EE = } 
HS 21.6 | 3.2 | 4.8 | 64.8 | 3.3] 1.8 | 2.7 ee a | 7.4 | 58.2 | 17.7 | 1.50 
HM | 21.6 | 4.5 | 4.6 | 63.9 | 3.6 | 1.8 | 3.4 .1]|13.7] 4.6 | 53.5 | 21.5 | 1.02 
HL 23.1/5.6 | 4.3 | 61.4/3.5/1.8)4.3] .2/17.0| 1.9 | 28.9 | 44.2] 0.77 
HSR | 22.1 | 4.6 | 4.9 | 63.7 | 3.4 | 1.7 | 1.0 | .3 | 14.0] 5.3 | 48.8 | 25.7 | 1.06 
HW 23.6 | 2.9 | 5.1 | 62.6 | 3.7 )1.6)1.7 | 2.8] 9.0| 8.5 | 53.3 | 19.5 | 1.76 
—— | | | | | —_— | _——_—_(__—| 
Js 22.4 12.5 |6.7 | 64.8 |1.5 11.5 | 1.5 1 | 7.6} 13.5 | 41.5 | 32.6 | 2.68 
JL 32.2 | 2.4 | 8.2 | 53.2 | 1.3/1.3 | 3.2 | 14.3 See Footnote 
JH 20.9 | 2.8 | 6.1 | 66.0 | 1.6 | 2.2 | 1.9 6 1 8.5, 13.4 [63.2 411.7 , 2.18 
KS 22.0 | 2.7 | 5.1 | 64.6 | 3.8 | 1.8 | 2.0 3 8.2} 9.0 | 54.1 | 21.5 1.89 
KSR | 21.3 | 6.3 | 4.5 | 62.0 | 3.8 | 1.8 5 '4119.1| 1.3 | 49.0 | 23.0 | 0.71 
KM 21.2 | 4.6 | 4.8 | 62.8 | 3.9 | 1.8 | 2.6 .3 | 14.0 | 5.0 | 52.5 | 20.4 1.04 
ee J | - _- ———y - — — — — | 
LS 21.6 /2.8|5.0|}65.6/2.611.8/3.2| .2] 8.5| 8.5 | 61.8 | 14.8] 1.79 
LO 22.8 | 2.4/4.2 /65.6/3.1/1.6/25] 8] 7.3) 7.2 | 59.0 | 20.1) 1.75 
ESR | 26.6 / 1.4/2.5 /65.7/2.4/1.8/1.1 | .3| 4.3] 4.2 | 43.5 | 42.6 | 1.79 
LM 24.6 | 2.2 | 3.7 | 65.2 |} 2.1/1.7 )1.9] .2 | 6.7) 6.1 | 46.8 | 34.7 1.68 























Footnotes, Next Page 


























Compound Composition 


™ oars 
| Loss | Insol. 


























Per Cent 








Alumina- 

















Resistance of Cements to Sea Water and Alkali Soils 441 


cements in the State to determine the relative stability of these cements 
against attack by sea water and by the Willows Alkali which had 
proved so destructive in the earlier tests. 


This first series, started in November, 1934, consisted of eleven 
Northern California cements. These included all of the special low 
C;A and portland-pozzolan type cements used in the construction 
of the San Francisco-Oakland Bay Bridge, the standard cements 
manufactured by the same companies, two additional portland- 
pozzolan type cements, and three additional standard cements one 
of which was high in C;A. Sealed cans of all of the cements were 
saved for future reference. 

Sufficient 6 by 12-in. compression specimens were made from 
5-sack and 6-sack mixes to make strength determinations up to 20 
years. Magnesium and sodium sulphate soundness tests were made 
on the coarse and fine aggregates. 


Except as hereinafter noted all of the specimens in the original 
alkali soil test were placed in the alkali at the age of 28 days after 
curing in water for that period. However, a duplicate set of speci- 
mens was stored in soil free of alkali. Some of these duplicate speci- 
mens were placed in the alkali soil at the end of one year. For these 
specimens, two year alkali weathering data are available. 


Previous to starting the alkali soil tests, durability tests were 
carried on with mortar specimens totally immersed in natural sea 
water (from San Francisco Bay) and in pure sodium and magnesium 
sulphate solutions. Occasionally work was done in magnesium and 
sodium chloride solutions. 


In the alkali soil test, 6 by 6-in. cylinders were cast from 5-sack 
and 6-sack concrete, and cured in water under standard conditions 
for 28 days. On the 28th day the specimens were partially (two- 
thirds) buried in soil of the analysis given in Table 4. The pans, 
containing the specimens, were placed on the roof of the Laboratory 
where they were exposed to natural weather conditions. During the 
dry summer months, when evaporation was rapid, tap water was 
added to the pans once or twice a week so at all times there was con- 
siderable free moisture in the soil. During the winter the pans were 

Footnotes, Table 3—See previous page. 

BL-2—High C3A—Clinker 25% Admixture—Clinker Similar to BS. 

DL1—High C;A—Clinker 30% Admixture—Clinker Similar to DS. 

DL2 —Low CsA—Clinker 15% Admixture. 

DL3 —Low C:A—Clinker 30% Admixture. Ground in laboratory mill. 
BL-3—Low C:A—Clinker 25% Admixture (Similar to Bonneville Dam Cement). 
CL-2—Clinker same as CS-2 plus 30% Siliceous Material. 

DL1 —High CsA—Clinker 30% Admixture—Clinker similar to DS. 


DL2 —Low C;:A—Clinker 15% Admixture—Clinker similar to DSW. 
JL Contains about 25% Admixture-—Clinker similar to JS. 
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covered during storms to prevent the rain from flooding and leaching 
out the salts. 


In this first series there were three complete sets of specimens for 
each cement; one set was placed in Willows Alkali, another set in a 
local soil to which was added sufficient salts from the sea water salt 
beds in the San Francisco Bay Region to give the mixture a soluble 


TABLE 4—ANALYSIS OF WATER SOLUBLE SALTS IN THE ALKALI SOIL USED IN 
DURABILITY TESTS 


Alkali Soil 














A [ B C D | Av 
Water Soluble Salts—% 17.50 18.90 19.44 | 19.31 | 18.79 
Insoluble Material—% . . ; ‘ | 82.50 81.10 80.56 80.69 81.21 
, ee a 100 00 ~ 100 00 100.00 | 100.00 100.00 
HYPOTHETICAL COMPOUNDS—PER CENT 
Sodium Sulphate NaeSO, 72.41 | 06.40 | 78.90 72.00 76.79 
Magnesium Sulphate MgSO,. . 14.17 10.07 | 18.60 21.40 16.06 
Sodium Chloride NaCl......... 2.18 1.26 | 1.30 3.41 2.04 
Sodium Carbonate Na2COs..... 06 0.00 0.00 0.00 0.02 
Calcium Sulphate CaSOy....... 4.64 57 60 | 2.34 2.29 
Sodium Bicarbonate NaHCO; 6.00 | 0.99 | 0.00 | 0.00 1.75 
Calcium Bicarbonate CaH2(COs;): 0.00 0.00 | 0.60 | 0.54 0.29 
Undetermined. ......... 0.54 | 1.59 | 0.60 | 0.31 0.76 
- } | 
MTS s bas owen ss ee 100.00 | 100 00 | 100.00 | 100.00 | 100.00 





Soil A— Used for first 18 months in first series 
Soil B— Used for first 18 months in second series. 

Soil C—Used to replace soil ‘‘A’’ at 18 months in first series 
Soil D—Used to replace soil ‘‘B’’ at 18 months in second scries. 


salt content of 17.6 per cent (the same concentration of salts as in the 
alkali soil). The third set was placed in a plain local soil containing 
no water soluble salts. There was a separate container for each set 
made up of ten 5 sack and ten 6 sack specimens. 


Chemical analysis of the salts to which the second set were exposed 
showed that the salt, instead of being a true sea water residue, was 
crude, or unrefined table salt, (nearly pure NaCl). 


The bittern, which carried the more soluble components of sea 
water, among which were included the magnesium salts, had been 
drawn off. A supply of this bittern was then obtained, the specimens 
were divided into two sets, to one of which was added sufficient bittern 
to bring the soluble salts to the proportions found in sea water. The 
second set was left in the NaCl residue. The specimens in this second 
set after 36 mo. show only a very slight action on the top surface 
caused by the mechanical force developed by crystals forming during 
periods of evaporation. 


Considerably more action, however, has developed in the specimens 
exposed to the NaCl residue plus the bittern. As the magnesium 
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salts are precipitated as insoluble hydroxides, additional bittern is 
added periodically to keep the aggressive salts in somewhat the same 
proportions they occur in nature, only greatly concentrated. It is 
apparent that the magnesium salts are the most aggressive in sea 
water. However, contrary to the alkali soil tests, though the dis- 
integration has not progressed very far, there has not been a great 
difference in the extent of action on the high as compared with the 
low C;A cements. At this writing, the portland-pozzolanic cements 
show up.the best in the sea salt tests. 


Compression tests were made after 6 months exposure (7 months 
total age). Due to the rapid disintegration of some of the cements, 
compression tests were not made at greater ages, but the specimens 
were thoroughly clea..ed of all softened, cracked, and otherwise 
disintegrated material, and the remaining sound concrete weighed. 
In subsequent tests, the progress of deterioration in alkali has been 
measured entirely by loss in weight. These determinations are made 
every three months up to two years, and every six months from that 
period on. 


After a year’s exposure to natural weather conditions, the third 
set of the first series (those placed in plain earth) was placed in alkali 
soil to study the effect of hardening and surface carbonization upon 
the durability. 


Disintegration of the specimens of 5 sack mix started first and in 
the following order: (1) the high C;A cements (2) the portland- 
pozzolanic cements, and (3) the low C;A cement. By six months, 
there was an appreciable attack on all five sack specimens with a 
remarkably close correlation between the rate of disintegration and 
the C;A content. No similar correlation exists, either with the C,AF 
or the total aluminates. This series indicates that the durability of 
a cement can be increased in two ways: 

1. By reducing the C;A content through modifying the clinker with the addition 
of iron oxide. 

2. By intergrinding a siliceous admixture with the cement clinker; even a clinker 
relatively high in C;A content. 

The results of the first series proved so interesting that it was 
decided to apply the same test to all cements of California manu- 
facture that might be offered for use in highway or allied construction. 
This second series included a few special cements consisting of blends 
of a low resistant commercial cement with certain admixtures, the 
blends being made in the State Highway Laboratory mill. In all, 
about 50 cements were included, for the most part, of California 
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manufacture. It was decided also to use a w/c of .87 by volume, witha 
minimum 2-in. slump, and a 5-sack mix. Additional water was 
added when the slump fell below the required 2 in. The yield was 
kept constant by wet volume, measured immediately after the slump 
was taken, and if necessary, adjustments were made. 

The rate of disintegration was so uniform in the individual speci- 
mens of each set in the first series, that it was considered permissible 
to reduce the number of specimens in a set. In this second series, 
which was designed only to test the cements in alkali soil, four 6 by 
6-in. cylinders for durability test, and six 6 by 12-in. cylinders for 
strength test were cast from each cement. These ten cylinders were 
cast from a single batch. The durability specimens were stored in 
water for 28 days, then weighed and placed in the alkali soil, one 
specimen from each cement being placed in each of four sets of pans. 
The 6 by 12-in. cylinders were water-cured and tested for compression 
at 7 and 28 days. 

Data covering the 2-yr. weathering period are now available on 
the specimens of this series. 

DISCUSSION OF PROBABLE CHEMICAL REACTIONS 
PROCEDURE OF DISINTEGRATION 

The alkali soil used in these tests was high in sodium and magnesium 
sulphates, the former salt predominating. It has been established 
that Na,SO, will not attack the hydrated silicates appreciably because 


TABLE 5 
Good ! Medium Poor 
' 
Av. | Range Av Range Av Rang 

Alumina-Iron Ratio... | 1.36 (2.04 71) 1.72 | (1.89— 1.50) 3.43 ( §.82-2.18) 
CsAF—% 11.4 | (19.1-— 4.3) 8.7 ( 9.7- 7.3) 6.8 8.5- 2.1) 
CsA—%... 5.6 | ( 8.7- 1.3) 8.1 ( 9.0—- 7.2) 13.9 15.1-11.4) 
Total Aluminates—-% 17.0 (21.3— 8.5) 16.8 (17.5-14.5) 20.7 (22 . 2-17. 2) 


TABLE 6-——ANALYSIS OF WATER SOLUBLE SALTS IN ALKALI SOIL “‘A”’ APTER 
18 MONTHS* 


Analysis of Soil in Each Pan After 18 Months 


Hypothetical Compounds Orig 
Per Cent Soil Cement Identification 
AS | ASW) BS | BSW!| DS | DL1/DL2|DL3]/ CS ES 

° | } | | 
Sodium Sulphate NaeSO, 7241183 .08|82.04|44 05/81 .80\79 00/85. 10/82 .00'79 00 /80_00\84 00 
Magnesium Sulphate MgSQ. 14.17} 0.42) 2.80) 0.36) 3.30) 0.11} 1.57| 2.41) 1.61) 0.09) 1.33 
Sodium Chloride NaCl 2.18) 1.51! 4.34| 2.55) 3.73] 5.43) 1.37 28/ 4.58) 1.65! 1.90 

a 





Sodium Carbonate NasCO; 0.06) 0.21) 0.01} 0.31) 0.01) 0 0.00) 0.00} 0.00! 0.62) 0.00 
Calcium Bulphate CaSO. | 4.64/12. 32] 9.91|10.41| 9.30]11, 11/10. 22\11.07|13. 25/15 00/11. 72 
Sodium Bicarbonate NaHCOs. | 6,00) 0.00) 0.00) 0.00) 0.00) 0.00} 0.00) 0.00) 0.00!) 0.00) 0.00 
Calcium Bicarbonate 

CaH2(COs)2 0.00) 1,96} 0.02) 1.99] 1.24) 3.00) 0.93) 2.61) 1.02) 2.08] 0.49 
Undetermined 0.54) 0.50) 0.88) 0.33) 0.€2) 0.58) 0.81) 0.63) 0.54) 0.56) 0 


~ 





*Concrete specimens from each cement were stored in the same type soil, but in separate pans 
The soil was replaced with fresh soil at the end of 18 months. Chemical analysis was then made 
of the replaced soil in each pan, with the results shown in this table 
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ig. 2——CONDITION OF SPECIMENS (SERIES 2) AFTER EXPOSURE TO 
ALKALI SOIL FOR 12 MONTHS (AT LEFT) AND 24 MONTHS (RIGHT) 

Top Pair of Groups, “C”’ brand—the four vertical rows, left to right are identified 
by the symbols, CS-2, CH1-2, CL-2 and CL-2 (the last one in the 24-month group, 
extreme right. 

Center pair of groups, “KK”’ brand—left to right, the five vertical rows of specimens 
are identified as KS, KSR, KM, KSR and KM. 

Bottom pair of groups, “L”’ brand—the six vertical rows, left to right are: LS, 


LO, LSR, LM, LSR and LM. 
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Fig. 3—(top) TypicaL ACTION OF ALKALI—SOIL, HIGH C;A CEMENT 
AND (BOTTOM) CRYSTAL GROWTH AND BLOOMING——HIGH C,;A CEMENT | 
SPECIMEN PARTIALLY BURIED IN ALKALI SOIL 





they are less soluble than is the product of such a reaction; whereas, 
MgSO, is very active on the hydrated silicates, as well as on the 
hydrated aluminates. 

It has been further established that, when acted upon by water, 
C;S and C.S become poorer in lime by hydrolysis, but CS in the 
presence of Ca(OH), solution becomes richer, and that some interme- 
diate compound is formed, possibly such as 3CaO.2SiO2.aqu which is 
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stable in contact with saturated lime water.(1) It is possible that the 
product 3CaO.2S8iO:z.aqu is present in the calcium hydrosilicate gel 
that is formed by the hydrolysis of the silicates in cement. This 
assumption being made, it is easy to picture the action of MgSO, 
on the silicates. Purposely avoiding stoichiometric reactions, the 
setting of the silicates might be: 
3CaO.Si0O, + H:O — 3Ca0.2S8i0:.aq. + Ca(OH)» (1) 
2CaO.Si0O, + H,O — 3Ca0.2S8i0O,.aq. + Ca(OH). (2) 
The gel 3CaO.2S8iO2.aq. is in equilibrium only with a strong basic 
medium, and should anything lower the basicity, the gel will break 
up until a sufficiently high basicity has been built up to reestablish 
the equilibrium. The MgSO, reacting with the (OH) ion forms a 
precipitate of an almost insoluble hydroxide, 
MgSO, + Ca(OH). ~ Mg(OH). + CaSO,4.2H2O (3). 
The medium surrounding the gel then becomes less basic resulting 


TABLE 7—COMPRESSIVE STRENGTH OF 6 BY 12-IN. CYLINDERS 
FIRST ALKALI SERIES 
Mix varied slightly from the following: 
6-Sack concrete—1:2.00:3.13 by volume. 
5-Sack concrete—1:2.50:3.87 by volume 





Six-Sack Concrete Five-Sack Concrete 
Ident | - - | —-- | - —_— 
w/c 28-Day | 6-Mo. 1-Yr. 2-Yr w/e 28-Day | 6-Mo. | 1-Yr. | 2-Yr. 
AS 74 4710 5840 5890 | 6230 89 3870 4640 | 4640 | 4750 
ASW 74 4650 5580 5930 | 6160 88 3680 | 4720 4590 | 4790 
BS 73 4360 5420 5490 6080 | .88 3340 | 4170 | 4490 4300 
BSW 73 3990 5110 5370 | 5700 | .85 | 3230 | 4240 4290 4300 
BL-2 74 5070 | 6560 | 6090 | 6530 | .84 4100 | 5460 5070 4770 
CS 76 4370 5630 5740 | 5680 | 92 3340 4340 4220 4470 
DS 76 4510 | 5570 5850 | 6020 | .91 | 3370 4420 | 4720 | 4640 
DL2 80 | 5370 6110 6260 6010 92 | 4570 | 5220 5160 5450 
IL3 88 5350 5910 | 5820 | 5830 98 4270 | 4640 4910 4590 
pm ita = 2 os © ae . 
ES | .75 | 4870 5830 6040 | 6850 | .89 3610 | 4820 | 5000 | 4800 
SECOND ALKALI SERIES—(5-SACK CONCRETE) 
Water ratio varied slightly from .87; and the mix from 1:2.42:3.97. 
Ident. 7-Day | 28-Day Ident. 7-Day 28-Day Ident. 7-Day | 28-Day 
AS 2100 | 3320. || CHI-2 2040 | 3480 ma | 1970 
ASW 1870 | 3360 | CL-2 950 2420 || HSR 1690 3060 
AH | 2790 4030 ————— | —__ |_ —j|| HW 1310 | 1920 
AT | 1680 | 2880 DS 2430 | 3290 IF nae Sabie een ues 
—|— || DLI 2610 3720 JS | 1480 | 2470 
BS 1980 | 2850 || DL2 2330 3680 JL | 1340 | 2820 
BL-3 1670 2250 | DH 2820 3550 || JH | 2900 3810 
BSW | 2260 3130 DSW 2100 | 3380 - —|—— — |—_—_—__—— 
BH | 2720 3610 = |}————_ |__| —|| KS 1990 3410 
| ES | 2250 3400 KSR 1630 3160 
cs | 1900 | 3080 EH | 3160 ;} 4010 KM 1840 3470 
CH 1710 | 2770 EW | 2870 | 3840 = |}——|}————|——— 
CW } 950 | 1450 ESW | 2390 | 3730 LS } 2260 3770 
CHI 1930 3080 - ---- ——|} LO | 2140 3700 
CB | 2570 4030 HS |} 1940 | 2830 || LSR | 1180 | 2180 
CS-2 1880 3320 HM 1910 3240 LM 1690 | 3110 
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in some of the gel breaking down and subsequently re-establishing 
equilibrium, 
3CaO.28i02.aq. > Ca(OH)s + SiOs.aq. (4) 
This action takes place at the expense of the gel, and thus weakens 
the specimen. It is a continuous process and eventually destroys 
all the cementitious compounds. In construction, where dense 
concrete is used, the formation of Mg(OH)2, a bulky gelatinous pre- 
cipitate, tends to seal the interstices and reduce the percolation of 
the salts. In the laboratory mortar specimens, completely immersed 
in a magnesium sulphate solution, the progression of action may be 
followed by the gradual softening and sloughing of the surface, leaving 
at all times a sound core. 
The CaSO, that is formed in the reaction 3 can react with the 
hydrated C;A as 
3CaO.A1,03.aq. + 3CaSO, > 3CaO.A1,03.3CaSO,.aq. + H2O (5) 
This reaction does not start until all of the available MgSO, is pre- 
cipitated as a hydroxide (2). There is a considerable difference in 
the action of MgSO, on a high C;A cement and on a low C;A cement. 
With high C;A cement there is a great volume change manifested in 
blooming and surface cracking while in the low C;A cement there is 
no noticeable change, but only a slow deterioration from the surface 
in. The presence of Mg(OH), established hypcthetically above, has 
been isolated from the interior of the specimens, and determined 
chemically. Mortar specimens cut in half have shown concentric 
rings of Mg(OH): about an eighth of an inch apart, progressing slowly 
toward the center. Undoubtedly the blooming is caused by the form- 
ation of tricalcium-sulpho-aluminate (3CaO.Al.03.3CaSO,.xH.20) ; for, 
were it due only to the formation of the gypsum (CaSQ,.2H.O) the 
type of failure in the two cements would be more nearly alike. The 
above statement is apparently incompatible with the statement of 
others that this sulpho-aluminate is not stable in the presence of an 
excess of MgSO, (3), however, this incompatibility disappears in the 
event that there is not an excess of MgSO, in the interior of the speci- 
men. 
In the U. 8. Bureau of Standard Paper R. P. No. 54 (3) we find the 
following: 
MgSO, + 3Ca0.Al,03.3CaSO,.xH2,O —~ CaSO, + 
Mg(OH).+Al(OH)s cor nee ' (6) 
The same publication also shows the reaction: 
3MgSO, + 3CaO.Al,.0; + nH,O — 3CaSO, + 
2Al(OH); + 3Mg(OH),. (7) 
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Fic. 4—COMPARISON OF PERFORMANCE OF STANDARD PORTLAND 
CEMENTS, SERIES 1A AND 2, WITH MODIFIED SULFATE RESISTANT 
CEMENTS 


Both of these equations (6 and 7) fail to explain the great difference 
in the two types of disintegration described above. 

The attack on the aluminates by sodium sulphate is much more 
rapid and apparent than by the MgSO,;. NaSO, action is accompanied 
by a large volume change resulting in a spectacular blooming. Analy- 
sis of the sediment from NaeSQ, solutions in which cement and mortar 
specimens have been kept, show the presence of both CaSO ,.2H.O 
and Al(OH)s;. Also sections of disintegrated cement slabs show macro- 
crystals of CaSO,.2H,O. The action of Na,SO, might be expressed as: 


Ca(OH). + NasSO, — CaSO,.2H,O + 2NaOH (8) 

Na.SO, + 3Ca0O.Al,0;.aq. — 3CaO.Al,0;.3CaSO,aq. + NazO.ALOs; (9) 
+ Na(OH) 

Na,0.ALO; + H.O — 2Na(OH) + 2Al(OH); (10) 

CaSO, + 3CaO.AlLO;.aq. — 3CaO.Al,0;.3CaSO,xH,0 (11) 


From the above reactions it can be seen that there are three definite 
ways in which Na.SO, attacks cement, two of which are through the 
C3A. 

1. By the precipitation of gypsum (CaSO,.2H,O) from Ca(OH): resulting in a 
large increase in volume (equation 8). 


2. By base exchange with 3 CaO.Al.O; resulting in gypsum and sodium aluminate, 
the latter of which hydrolyses into sodium and aluminum hydrates (equations 9 
and 10). 


3. By the formation of tri-calcium sulpho-aluminate. (equation 11). 
It might be considered that the aggressiveness of the sodium salt 
is due principally to the acid radicle, but that the aggressiveness of 
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the magnesium salt is due to both the basic and acid radicles. Proof, 
other than the above discussion lies in the fact that NaCl is not partic- 
ularly injurious to cement, but that MgCl: reacts very similarly to 
MgSO, with the exception that disintegration is apparently not 
accompanied by a volume change. 


Cement Identification—The cements used are identified as follows: 
The first letter indicates the company from which the cement was 
obtained, and the succeeding letters indicate the type, as follows: 

S = standard cement. 
SW = sea water or moderate sulfate-resisting cement (similar to that used on the 
San Francisco-Oakland Bay Bridge and Metropolitan Water District 
of Southern California, Specification No. 79). 
M = has the same significance as SW. 
SR = sulfate-resisting cement. 
H = high early strength cement (cement CH is an exception. This is a standard 
cement from Plant C to which 3 per cent celite has been added). 

L = low-heat cement. (All of the cements with this designation contain sili- 
ceous admixtures with the exception of cement HL which is a Boulder 
Dam type low-heat cement from plant H.) 

T = white cement. 

H! = cement from plant C which contains a grinding and dispersing aid. 

W = cement with a waterproofing material interground. 

The numerals “2” and “3” after a letter combination indicate 
some variation in the particular brand and type—details given in 
Table 3. 

RESULTS OF TESTS 

General Behavior—In the first series, standard, sea water or moder- 
ate sulfate resisting, and portland-pozzolan cements only were tested. 
Fig. 5 shows the relative rate of disintegration of these cements. 
CS, with the highest C;A content, was the least durable of the cements 
in all of the tests. DS, somewhat lower in C;A, acts similar to CS, 
but the action is slightly retarded. The same is true with BS with a 
still lower C;A. Cements AS and ES have raw material sources of 
such a nature that the standard cements are naturally lower in C;A. 
This is reflected in their durability. Cements ASW and BSW are 
made from raw materials modified with an iron oxide or metallic 
iron. These two cements proved the most durable in the series. 
The attack in all cases appears to be proportional to the C;A content, 
Fig. 5. There is apparently no relationship between durability and 
C,AF or the total aluminates. All of the portland-pozzolan cements 
reacted very satisfactorily. The action of these special cements 
will be further described under the discussion of the effect of siliceous 
admixtures, 
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The disintegration of the standard high C;A cements was accom- 
panied by considerable blooming, the low C;A cements with very 
slight blooming and the portland-pozzolan cements with no noticeable 
volume change, the action being limited to surface spalling. That 
this last is not an entirely mechanical action is shown by the presence 
of considerable Mg(OH). precipitate, a considerable lightening in 
color, a continuation of the action though less rapidly, through the 
winter months when there was no evaporation, and finally, a fairly 
uniform action over the entire surface, including the buried portion, 
where the effect of crystal formation from evaporation is negligible. 


With standard high C;A cements, the action differs under summer 
and winter conditions. In the summer, there is more action on the 
top of the specimen, but during the winter the action takes place 
at the bottom. Upon lifting many of the specimens out of the mud 
it was found that the entire bottom had broken loose and remained 
in the pan. Examination of the specimens showed large crystals of 
Glauber’s salts coating the underside of the aggregate, and the portion 
broken loose was completely riddled with salt crystals. This was 
noticeable only in the high C;A cements, Fig. 3. 

The same correlations between C;A and loss in weight is apparent 
from the results of tests (Fig. 5) on the specimens in the first series 
which, after a year in plain soil, were placed in an alkali soil. Resist- 
ance of all of the portland cements was improved with the exception 
of DS, the low C;A cements being improved more than the high C;A 
cements. With the exception of BL-2, all of the portland-pozzolanic 
cement specimens were less durable in the delayed series than in the 
original series. The reason for this is not known. 


One fact developed in this series of tests is the outstanding super- 
iority of six-sack concrete over five-sack concrete for any construction 
in sea water, or areas infected with alkali. This is also borne out in 
total immersion tests where 1-2 mortar has always been found superior 
to 1-3 mortar, and where sound graded sand is superior to an ungraded 
or poorly graded sand. Undoubtedly, it is purely a matter of the 
greater density of the richer mixes. 


The second series of tests offer a much greater opportunity to study 
the effect of wide differences in composition. 

In this series, the standard cements are all acting normally with 
relation to C;A content with the exception of ES, which appears 
more durable than the calculated compound analysis would indicate. 

A comparison of companion cements in the first and second series 
is shown in the left hand diagrams of Fig. 5. 
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Fic. 6—RELATIONSHIP BETWEEN DURATION OF EXPOSURE AND LOSS 
IN WEIGHT OF 6 BY 6-IN. CONCRETE CYLINDERS—SERIES 1A AND 1B 


Modified Standard Cements—Of the moderate sulphate resisting, or 
sea water cements, ASW, BSW, DSW, HM, and KM, are made by 
increasing the iron content. ESW is an unmodified standard cement, 
but chosen because the C;A ran a little lower than the average for 
that company. LM is modified by increasing the SiOz. These modified 
cements are all much more resistant than the standard cements made 
by the same companies, with the exception of ESW which is about 
the same as ES. 
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Fic. 7—RELATIONSHIP BETWEEN DURATION OF EXPOSURE AND LOSS 
IN WEIGHT OF 6 BY 6-IN. CONCRETE CYLINDERS—5-SACK CONCRETE, 
SERIES 2 


HSR, KSR, and LSR, are all classified as high sulphate resisting 
cements. LSR is the only cement, however, that qualifies under 
the new Federal Specifications SS-C-211 for sulphate resisting cements. 
HL, though designed as a low heat cement for massive concrete 
structures functions very nicely as a sulphate resistant cement. 
Both HL and LSR are slow in gaining strength due to the relatively 
low C;S content. KSR and LSR offer an interesting comparison. 
KSR has 1.3 per cent C3;A and 19.1 per cent C,AF or a total of 20.4 
per cent, while LSR has 4.2 per cent C;A and 4.3 per cent C,AF, or 
a total of 8.5 per cent. If durability depended entirely upon low C;A, 
then KSR would be superior and conversely, if dependent upon low 
total aluminates, then LSR would be the better. 


Actual results from the tests are conflicting: 
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1. In all of the tests in which the specimens are totally immersed 
in solutions of pure salts; that is the Merriman test, Stenzel Slab 
test, and briquet ends, LSR showed the greater durability. 


2. In the test where the specimens are partially buried in alkali 
soil, KSR shows the greater durability, whereas, LM with 6.7 per 
cent C;A and 6.1 per cent C,AF, or a total of 12.8 per cent falls in 
between the two in the total immersion tests and is superior to either 
in the alkali test. The performance of all of these cements has been 
somewhat disappointing in view of the low C;A in all, and the low 
total aluminates in one. 


High Silica or Pozzolana Type Cements—Another method of modify- 
ing a cement to improve its durability is by the addition of siliceous 
admixtures. This was the method of modifying all of the cements 
of the L type, except HL. 


A considerable amount of calcium hydroxide is given off when 
portland cement hydrates. This compound furnishes the entering 
wedge for disintegration. Any method by which this lime can be 
eliminated, or substantially reduced improves durability. It is known 
that the volcanic materials used in ancient times had hydraulic proper- 
ties when mixed with lime, and in the presence of moisture, in time 
developed great strength and durability. In an endeavor to secure 
a product that combined the early strength gaining properties of 
modern cements with the durability claimed for the ancient cements, 
Portland cement has been blended with siliceous admixtures. Such 
an admixture is defined as a “substance which, while not necessarily 
cementitious by itself, possesses constituents which will combine with 
hydrated lime at ordinary temperatures in the presence of moisture 
to form insoluble compounds of cementitious value” (5). From the 
definition it can be seen that if the siliceous material acts as it should, 
it will greatly reduce the amount of active lime. 

There is considerable controversy as to whether the results obtained 
from portland-pozzolanic or blended cements are due to a chemical 
reaction, or only to a physical condition and increased density. It 
is known that there is a definite reduction of “active” lime, (6), but 
this may be absorption or a similar surface phenomenum. Recent 
work by Brandenburg (6) has shown that high lime fixing properties 
does not necessarily correlate with strength, but that in all cases, 
lime was fixed. Likewise, in the floc test (5) pozzolan-lime mortars, 
etc., all indicate a chemical reaction. By a different approach, this 
laboratory is accumulating data that indicate chemical activity, but 
the work is incomplete. 
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However, regardless of the way the siliceous material functions, 
the silicas used in manufacturing the California High silica cements 
very materially increased the durability of the concrete. 


Cement DS is not a highly durable cement against attack by sul- 
phates, but when 30 per cent of Monterey Shale Compound (86 per 
cent shale plus 14 per cent limestone calcined together at 1000°F.) 
is interground it becomes very durable (DLI in both series). Cement 
DSW, made by modifying DS with iron oxide is a relatively durable 
cement, but when interground with 15 per cent Monterey shale 
compound, its durability is greatly increased (DL2 in both series). 
Cement DL3 is similar to DL2 except that there is a 30 per cent 
compound addition instead of 15 per cent. This cement (DL3) 
used only in the first series, was rather disappointing. It was, how- 
ever, not a standard mill product, the clinker and admixture having 
been interground in our laboratory mill. 


Mortar specimens of all of these ‘‘D’’ brand cements have been in 
10 per cent and 2 per cent Magnesium and sodium sulphate solutions 
for 4 years. 


Results of the mortar tests to date are as follows: 


1. The DS cements completely disintegrated in 2 years in the 2 
per cent solutions and in 15 months in the 10 per cent solutions. 


2. The portland-pozzolanic (DL) cements show slight edge crack- 
ing in 10 per cent Na,SQO, and no action in the 2 per cent NaSQ, in 
four years. In 10 per cent MgSO,, all of the specimens have spalled 
away until only a small core remains. In the 2 per cent MgSQ,, all 
specimens show less spalling than in the more concentrated solution. 
DLI shows the greatest attack and DL2 shows the least. 


3. Neat, 1-2 and 1-3 mortar expansion bars of the portland-pozzo- 
lanic (DL) cements in 2 per cent NasSO, show negligible expansion 
while companion bars in 2 per cent MgSO, show considerable expansion 
and some curling. The mortar bars of DS completely disintegrated 
in all solutions in approximately 12 months. 


BL-2 (first series only) is cement BS interground with 25 per cent 
air dried San Francisco Bay mud, and BL-3 (second series only) is 
BSW interground with 25 per cent San Francisco Bay mud calcined 
at 1200°—1500°F. Both of these cements show greater durability 
than the standard portland cements from which they were made. 


JL is cement JS interground with about 25 per cent siliceous mater- 
ial. This blended cement is much more durable than the standard. 
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CS, the least durable of all of the standard cements in either series, 
was interground with 30 per cent Monterey shale compound in the 
highway laboratory ball mill to make CL2, which can be classed as a 
very durable cement. 


CH is CS with 3 per cent of Celite. Though this can hardly be 
classed as a blended cement, the addition increases the durability 
slightly. 


All of the cements discussed have been tested in mortar specimens 
totally immersed in pure solutions. The following general tendency 
being noted up to 48 months: 

Ten per cent Na,SO,—Standard High C;A cements. Complete and early disin- 


tegration. Low C;A cements—cracking sometime after 18 months. Blended 
cements —Practically no action. 


Two per cent and .1 Molar NasSO,—Complete disintegration of standard high 
C:A cements. No action on either low C;A or blended cements. 

Ten per cent MgSO,—Complete disintegration of std. high C;A cements. Pitting 
and softening of low C;A cements. Advanced spalling of blended cements, leaving 
a sound core. 


Two per cent or .1 Molar MgSO,—Complete disintegration of standard high C;A 
cements. No action on low C;A cements. Some surface softening and spalling of 
blended cements. 

The blended cements show a very high resistance to the action of 
Na.SO,, regardless of the C;A content of the Portland cement clinker 
portion, but considerably less resistance to the action of MgSQx. 


It is apparent that when blended with suitable siliceous material 
a standard cement of poor durability is improved proportionally 
more than a standard cement of good durability. 


High Early Strength Cements—Cements AH, BH, DH, EH, and JH 
offer a study of the high early strength cements manufactured in 
California. Cements AH, DH, and EH, are all made from standard 
clinker, the early strength gaining properties being developed by fine 
grinding. Cement BH takes advantage of the fact that the addition 
of iron to the raw mix lowers the clinkering temperature and insures 
a more complete combination of the lime and silica. JH is made under 
the Velo process. 

AH (8.7 per cent C;A) is considerably more resistant than AS 
(7.9 per cent C;A) and ASW (4.8 per cent C;A) for the first eighteen 
months. This is due either to higher strength, more perfect coating 
of the particles, or less segregation of water (bleeding). 


BH (6.6 per cent C;A) is more resistant than BSW (6.4 per cent 
C;A). These two cements are almost identical chemically, but differ 
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considerably in surface area and early strength. No reason can be 
seen for the superiority of BH other than high early strength resulting 
from fine grinding. 

The same holds true with DS and DH, being similar chemically, 
but differing in surface area and early strength. 

For some unexplained reason EH (6.4 per cent C;A) does not show 
up as satisfactorily as ES (7.7 per cent C3A). 

JH is slightly better than JS, but these two differ chemically so 
the influence of fineness is not obvious. 

Special Cements—The cements identified ““W”’ have water repellants 
interground. The nature of the admixture is not known, being either 
a crude oil, or one of the stearates, both of which are widely used. 
These cements make an easy working plastic mix, but they entrap 
so much air that the density of the concrete is materially reduced. 
The compressive strength at 7 and 28 days of both CW and HW is 
materially below normal, CW being about 50 per cent off. In the case 
of CW the durability is increased slightly, while HW is decreased 
slightly. EW is also a cement of this type in which the water repellant 
apparently does not decrease the strength or the density. When 
compared with ES, however, the durability is slightly reduced. 
Cements of this type are not ordinarily used for construction cements, 
being more suitable for stucco or plastering work. 

Cement AT is a white cement with a very low iron and high C;A 
content. Up to 9 months this cement showed good durability, after 
which it disintegrated very rapidly. It is made from a clinker that 
is quenched very rapidly from the clinkering point, and theoretically 
should contain no crystalline C;A. It is perhaps this fact that accounts 
for the apparent durability at early ages. In the total immersion 
test this cement acted very similar to CS which has the same C;A 
content. 

CHI and CHI-2 were CS interground in the laboratory mill with a 
grinding and dispersing agent. The grinding was insufficient to 
change the surface area, but served to distribute the dispersing agent 
uniformly. The effect of this agent on durability was insignificant. 

CB was CS with a dispersed carbon black added for coloring pur- 
poses. The carbon black rendered the mix very stiff and unworkable 
causing the fine aggregate and cement to stick tightly to the coarse 
aggregate. The concrete developed a high strength, however, and 
the admixture apparently had no deleterious effect upon durability. 

Interesting comparisons can be drawn between CS and CS-2. and 
CHI and CHI-2. CS and CHI specimens were cast with a w/c .87, 
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CS-2 with w/e of .80 and CHI-2 with w/c of .76. It will be noticed 
that the reduction of water materially increased durability. A more 
complete series of tests are now being conducted along this line. 

After the second series was under way, the tests on all of the cements 
in concrete which had less than 2500 pounds per square inch com- 
pressive strength at 28 days were repeated. In the repeat series the 
specimens were cured in water until they had either developed 3000 
p. s. i. compressive strength, or until they were 6 months old, if 
3000 lb. strength was not developed by that time, and then placed 
in alkali soil. JS required 2 months, LSR 3 months, while BL, 
CW, HL, and HW failed to gain the required strength, even at 
the end of six months cure in water. All of the concrete in this 
series was five sack concrete. 

LSR was more resistant, after the longer curing period, but none 
of the other specimens have shown any improvement. Instead, with 
the exception of HL, and BL, the durability was greatly decreased. 
This same result has been obtained in mortar specimens. Specimens 
cured in water 8 days have shown more durability than those cured 
28 days, which, in turn are apparently more durable than those cured 
6 months before subjection to aggressive solutions. 


In the second series, a uniform w/c of .87 was used, unless additional 
water was needed to give the specified slump of two inches. As a 
result, with many of the cements, the concrete had a relatively high 
slump. Therefore, another series was started in which all of the 
cements with a slump of over 2% inches were repeated, the w/c 
being varied and the slump kept constant at 2 inches. No results are 
as yet available from this last series. 

The second series is being continued and added to indefinitely. As 
new and interesting cements are put on the market, they are sub- 
jected to the test. Three sets of five sack specimens are being ‘cast 
from each cement; one with a w/c of 0.87, to be put under test at 28 
days, a second set of the same w/c to be put under test when the com- 
pressive strength reaches 3000 p.s.i., and a third set with a 2 inch 
slump put under test at 28 days. 

The same test is being applied to various admixtures, plasticizers, 
and wetting agents proposed for use by the Division of Highways. 

Merriman and Stenzel Slab Tests—Three or four years ago, tests 
made at this laboratory apparently checked the Merriman slab test, 
conclusions being based on a limited number of tests of high C;A and 
modified low C;A cements. However, with the more extended back- 
ground of durability studies, we have come to the conclusion that the 
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test is not sufficiently severe or consistent. With a split sample of 
one cement (not included in this series), one slab failed at 50 days, 
and the companion specimens failed at 250 days. Both specimens 
were prepared at the same time by a skilled operator. Many similar 
examples have cast a doubt upon the accuracy of the test. 


The Stenzel slab test appears to be far more critical and consistent 
than the Merriman Test. However, it is felt that neither method 
should be adopted as a basis for acceptance tests in the lack of proven 
suitability. The blended cements tested always reacted favorably 
in both slab tests, regardless of how non-durable the cements were 
when tested in concrete or mortar specimens. 


DISCUSSION OF RESULTS BASED ON CHEMICAL ANALYSIS 


In discussing the cements with relation to their chemical analysis 
they have been classified roughly into three groups in the order of 
their resistance to alkali action and this resistance compared with 
chemical composition (Table 5). 


The alumina iron ratio appears to have a very definite relationship, 
but this is more apparent than real. Since modern construction has 
been demanding cements with a low C;A content, this ratio has 
received considerable attention. Perhaps the most widely used method 
of modifying clinker to make a cement which will qualify under speci- 
fications limiting the C;A content is by the addition of either iron 
or an oxide of iron to the raw mix. Such an addition increases the 
C,AF and reduces the C;A and the alumina-iron ratio. From this, 
it can be seen that the alumina-iron ratio is of only secondary import- 
ance and though it gives an indication, it is insufficient for evaluating 
a cement. According to Kuhl (7) FeO; acts as a flux lowering the 
clinkering temperature and increasing the sintering range, probably 
by forming a low melting point iron compound that acts as a solvent 
for the other reactions. 


The new Federal specifications fix the minimum allowable ratio 
at 0.7 (8). This minimum insures a sufficient excess of Al,O; over 
that required in C,AF, to form at least a slight amount of C;A, and 
thus prevent the formation of C.F. 

Work at Columbia University (9) shows that dicalcium ferrite 
expands abnormally upon hydration, and for that reason is undesir- 
able in cement. 


It seems that the most accurate index of resistance to sulfate 
attack is the C;A content. Reference to Table 5 shows that the C,AF 
is higher in the more durable cements, but this is caused by modifying 
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the mix with Fe.0O;. The range of C,AF in the durable cements from 
19.1 to 4.3 shows how meaningless the average is. Likewise, the 
total aluminates apparently form no reliable index. 


To repeat, the most reliable index of durability as determined by 
the tests described herein, is the C;A content. That this compound 
is not an absolute indication, however, as evidenced by some eccen- 
tricity in results, probably lies in the fact that: 

1. The calculations are based upon the assumption that cement is composed 
entirely of crystalline compounds formed at or below the clinkering temperature. 

2. The composition does not recognize the presence of compounds caused by 
traces of manganese, titanium, phosphorus, sodium, etc. It has been established 
in this laboratory that manganese oxide up to 3 per cent is not only not harmful, 
but is actually beneficial in resistance to sulphate solutions. (10) 

3. The magnesium salts attack the silicates, as well as aluminates, as has been 
developed above, and this attack may be of such magnitude as to overshadow the 
attack on the aluminates. 

From a knowledge of cement burning we know that the condition 
assumed in No. 1 above, is very unlikely and that it may be that the 
lower melting point compounds (C,AF and C;A) are in the form of 
glass or a solid solution. This point, however, is in controversy. 
Some claim that ‘‘data have been accumulated which question the 
correctness of the assumption that some of these compounds are either 
present, or present in the amounts calculated from the hypotheses’’. (11) 


The discussions above heve been largely based upon compounds 
assumed to be in cement if the clinker is allowed to cool through its 
crystallization phases sufficiently slowly for all the compounds to 
crystallize out. In nearly all of the commercial processes, however, 
the clinker is very rapidly cooled by quenching with air, water or 
both. This causes the rapid solidifying of solid solutions or the form- 
ation of glass rather than definite minerals. The one notable exception 


79? 


to this method of cooling is found in the ‘‘E”’ cements. 


The cements in the ‘“E”’ series are all more durable than the cal- 
culated C;A content would indicate. The reason for this is not clear, 
but it may be due to the unique manufacturing process. Immed- 
iately after the clinker leaves the clinkering zone, and comes in con- 
tact with the cooling secondary air, it passes into a treater heated by 
a partially atomized oil flame which generates a strong reducing 
atmosphere. This reducing atmosphere materially lowers the soften- 
ing point of the clinker and allows the high temperature reactions to 
continue to completion. On slow cooling, certain mineralogical 
compounds will more completely crystallize. The clinker enters this 
treater at about 2450° F., remains in it 55 minutes, and is discharged 
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at 1850° F. and then quenched with water. Besides lowering the 
softening point, this reducing atmosphere also reduces all of the 
Fe,0; to FeO. As the clinker gets farther away from the flame, it is 
reoxidized and the iron goes back to the ferric state. The iron in CsAF 
is in the ferric condition, but the iron in the greater part of the treater 
is in the ferrous condition. What effect this has on the compound 
composition of the cement is not known, but it is possible that it 
explains the relatively greater durability of these cements. 


All evidence points to the fact that modifying a cement clinker 
with iron oxide to reduce the C;A content greatly increases the dura- 
bility of that cement at least insofar as sodium and magnesium sul- 
phate attack is concerned. It appears, however, that the more the 
cement has to be modified, the less the improvement. To set up a 
hypothetical case, take four cements havingt he C;A contents indicated: 


| 
Cement C3A of Normal Cement 
A 6 
B 10 
Cc 13 


D 16 


Normal cement A is the most durable, and Cement D the least. 
Now, let all of the cements except A be modified with Fe.O; so that 
they are identical in C;A content (6 per cent). When this is done, 
assuming that there are no unusual conditions, the durability should 
be greatly increased, but our studies indicate that all of the modified 
cements will not be equally durable. Cement A will ordinarily still 
be the most durable, and D the least. While there are no cements 
in this investigation that actually fit these conditions, there has 
been considerable evidence developed to sustain the conclusion. 
The proponents of the theory that durability is a function of the 
total aluminates may consider that this strengthens their claim. 
Perhaps so, but there is much evidence to the contrary. 


CONCLUSIONS 


In conclusion, it is apparent from the results obtained through this 
series of tests that: 


1. Not all commercial cements are equally resistant to attack by 
sulphates and therefore when structures are subject to more than a 
normal exposure to sea water and alkali, careful selection should 
be made in the choice of a cement which will have a relatively high 
resistance to sulphate attack. 


2. Tri-calcium aluminate is the most injurious compound in cements 
that are to be used in construction exposed to alkali conditions, there- 
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fore, if it is necessary to use cements relatively high in C;A content 
special care should be exercised in securing a dense well graded mix, 
including not less than 6 sacks of cement per cubic yard. 


3. Tetra-calcium alumino ferrite is not a harmful ingredient in 
cement within the limits covered in this series. 


4. Total aluminates are not as critical as C;A in determining the 
potential durability of a cement. 


5. A non-durable standard cement can be modified by the addition 
of iron ore to the raw mix so that it becomes a highly resistant cement. 

6. A non-durable standard cement can be made more durable by 
the use of a good siliceous admixture. 


7. Durability is increased by increasing the cement factor, provided 
advantage is taken of the increase in cement to lower the w/c ratio 
and thereby increase the density of the concrete. 


8. Conversely with a given cement factor durability can be in- 
creased by decreasing the w/c if this can be done without sacrificing 
workability. 

9. If severe weathering conditions are anticipated concrete should 
contain at least 6 sacks of cement, a well graded aggregate that is 
sound, and a minimum w/c ratio consistent with workability. If the 
concrete has to be overworked while being placed, water will seg- 
regate and cause an area of comparatively low durability. 


10. There are intangible factors that contribute to the durability 
or lack of durability of a cement. These factors include the impurities 
in the raw materials, the manufacturing processes, etc. When more 
is known about these, then it will be easier to predict durability from 
less elaborate tests. At the present writing, the calculated compound 
analysis serves as an indication, but is not sufficient for an accurate 
relative evaluation of durability, except as between cements above 
and below 8 per cent in C;A content. 


11. It is apparent that increased surface area of the cement due 
to fine grinding increases durability, but unless handled by experienced 
operators, the use of high early strength cement is dangerous due to 
the possibility of relatively high shrinkage with subsequent cracking. 
Such cracks form footholds for disintegration. 


12. There is no known accelerated test for durability that can be 
depended upon to in all cases give accurate information in 28 days. 
At least six months to a year should ordinarily be allowed under 
present methods of test. 
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13. Dependence should not be placed upon the compound analysis 
in relative evaluation of cements until such cements have been 
thoroughly tested by some proven method for testing durability. 
After an original comprehensive test, then compound analysis, and 
possibly the Stenzel or a similar test can be used for control purposes. 
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Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by June 1, 1988. For such 
discussion as may develop readers are referred to a Supplement to 
be issued with the JourRNAu for Sept.-Oct., 1938. 














Vol. 84 PROCEEDINGS OF THE AMERICAN CONCRETE INSTITUTE 
(Supplement) 
JOURNAL 
of the 
AMERICAN CONCRETE 
INSTITUTE 


7400 SECOND BOULEVARD, DETROIT, MICHIGAN SEPTEMBER, 1938 
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Resistance of Cements to Attack by Sea Water and by 
Alkali Soils* 


LEWIS H. TUTHILLT 


The Authors are to be commended on a valuable investigation of 
the resistance of available cement types to various corrosive exposures. 

It is only by comparison that we have values, and so it seems to 
be with the designation of a cement as sulfate resistant. On this 
basis any cements that will last somewhat longer than cements of 
known lack of resistance have been termed sulfate resistant cements, 
and have been sold as such. On this unreliable basis unwary purchasers 
have acquired materials often far inferior to the most resistant cements 
available. : 

It seems that the point of this matter is less in improving the resist- 
ance of ordinary cements to alkali exposure than in how to produce 
cements having the greatest possible resistance. Where conditions 
exist that make resistance to aggressive soils a serious problem there 
can be no justification for half way measures. The most definitely 
resistant cements should be used even at a fair premium. 

It is a purpose of this discussion to emphasize this difference in 
sulfate resistance of the same type of cement manufactured by different 
mills, and to discourage the sale and use of those cements proved 
non-resistant though sold under the general claim that they were all 
manufactured under the same specification. 

In securing cement of maximum resistance to corrosive action, 
careful consideration must be given to the following important factors: 

1. Although it is true that greatest proportionate improvement in 
sulfate resistance is contributed to unresistant clinker high in C;A by 





*JournaL Am. Concrete Inst., March-April 1938; Proceedings Vol. 34, p. 433. 
tTesting Engineer, Metropolitan Water District of Southern California, Los Angeles. 
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blending with siliceous compounds of demonstrated activity and 
effectiveness, considerably greater and far more dependable ultimate 
resistance is obtained when a clinker is used having a composition 
known to be comparatively resistant, in that percentages of C;A 
and C,AF are held as low as may be practicable considering the nature 
of available materials. An important fact which should not be over- 
looked is that a portland cement, which is unresistant due to being 
high in C;A, cannot be made highly sulfate resistant by the mere 
addition of an active siliceous material. ‘In other words, no admixture 
should be depended upon to correct the defects of an unresistant 
cement.” 

2. For certain seemingly obscure and sometimes varying reasons, 
cements of apparently similar composition, modified so as to reduce 
the percentage of C;A are not equally resistant from different mills. 
For this reason, for such a specific and important purpose as high 
resistance to corrosive salts, and on the basis of thorough initial 
testing, cements from certain mills showing consistently lower resist- 
ance should be avoided; and 

3. All other things being equal, there is considerable evidence 
pointing to the probability that, in the long run, cements low in C,AF 
as well as in C;A will give superior performance. 

This latter point the Authors have questioned in their conclusions 
No. 3 and 4. First it should be pointed out that it is doubtful if there 
are any “proponents of the theory that durability is a function of the 
total aluminates’”’ who will not wish to qualify this theory with the 
provision that C;A be limited to a value between 3 and 7 per cent and 
preferably as near the lower value as may be practicable. In addition 
to the very plausible argument presented by the Authors on page 462 
in support of this theory, but contrary to their conclusions No. 3 
and 4, there is other conflicting evidence in their own Fig. 7 and else- 
where. 

Between high and low C,AF cements, all being low in C;A, per- 
formance shown in Fig. 7 is not particularly favorable to either. 
E and L brand cements are low in C,AF while K and H brands are 
high. The excellent performance of E cements of all compositions 
(all comparatively low in C,AF and C;A) appears to favor the super- 
iority of compositions low in both compounds. Certainly there is no 
weight of evidence to the contrary in this group of tests. 

Doubtless there are apparently contrary cases but these are probably 
due to some local feature of raw material composition, or kiln or mill 
operation offsetting the fundamental benefits of a low percentage of 
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C,AF. This compound has been shown to be little more than an 
adulterant of cement and is in itself susceptible to sulfate disintegration. 


The evidence from direct and indirect investigation leaves a strong 
impression that the cement most likely to give best ultimate perform- 
ance is one in which the disruptive C;A and the ineffectual C,AF are 
both present in minimum amounts and one in which the percentages of 
positive and durable calcium silicates are maximum. Although in 
many cases high percentages of C,AF appear to contribute no diffi- 
culty, it is believed that some 10 per cent less of this ineffectual com- 
pound in exchange for 10 per cent more of the silicates is a profitable 
exchange which should be made in cements where the most positive 
assurance of sulfate resistance is desired. It is much the same as 
with the fineness of cement. Although cement retained on 200 mesh 
is not particularly harmful it is not particularly useful. Consequently 
when this percentage is reduced and the percentage passing 200 cor- 
respondingly increased, just that much more really effective cement is 
obtained. 


It is not easy for all mills to produce cement in which C;A and C,AF 
are each less than 5 per cent or 6 per cent. Few specialized products 
are generally available, but where the need is specific and important, 
serious consideration should be given to the most effective material. 
In communities where composition of this kind can not be produced 
with acceptable economy, or at all, the solution probably lies in a test 
proved portland-puzzolan cement made with a clinker low in C;A. 
Due to necessary care in the selection and preparation of the siliceous 
material the manufacture of blended cements is somewhat more com- 
plicated than that of portland cement. It is essential that the materials 
be fully tested beforehand and that the cement not be used in a 
manner or under circumstances known to be unfavorable to successful 
results with this type of cement. 


The Authors have performed a valuable service in emphasizing the 
value of using ample cement or at least 6 sacks per yard where alkali 
corrosion may be encountered, and the importance of avoiding wet 
consistencies and high water cement ratios. It should be pointed out, 
however, that, although such precautions should be always taken, 
they should not be relied upon to produce adequate performance from 
a cement of limited alkali resisting ability. Fig. 6 clearly shows that 
appropriate modification of the cement composition may be far more 
effective in increasing resistance to alkali than any other factor per- 
taining to the concrete mix. 
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B. E. NUTTER* 

The authors of the paper under discussion have extended the 
borders of knowledge to a considerable extent. Far too often valuable 
material of this kind is left to be forgotten in vaults or files and lost to 
the literature because of lack of opportunity for publication. 

Primarily there are two different and separate processes by which 
concrete is destroyed by alkali waters. In one the cementing materials 
are dissolved chemically or disrupted by the growth of crystals of the 
end-products of chemical reaction or both—described in detail by the 
authors. The other is purely physical, caused only by the evaporation 
of the water leaving the salts to form crystals and disrupt the concrete 
by their growth. It is not a part of any chemical action nor as a 
result of any chemical composition of the cement. Moisture is drawn 
from the subsoil or other water source by capillary attraction, into the 
concrete and as it reaches the vicinity of any surface where moisture 
evaporation is occurring, it contains greater and greater concentrations 
of whatever salts are present. As the solution concentrates in its 
travel upward, small crystals begin to form. As they grow larger they 
find the interstices of their birth too small; the result is disruption of 
the concrete and deterioration of the structure. 

These two actions are more or less equally important wherever they 
are both present, and they are frequently together, but they must not 
be confused by attempting to solve them both in the same investiga- 
tion merely because they occur together. They are separate projects 
and must be approached with methods adaptable to each. One of 
these, the action due to pure chemistry, has been relatively well an- 
swered by many investigators—a rigid control of the C;A content and, 
where economically reasonable, the C,AF content. The answers pro- 
posed for the other (evaporation) problem are less satisfying and lack 
unanimity. Some hold to the control of cement composition; some 
would use an admixture; some, more cement; others would depend on 
an ideally graded aggregate. One or more of these may be the answer. 
Only further investigation will show. 

An apparently conflicting result is noted by the authors on page 455 
where cement LSR, a very low C;A and low C,AF cement showed the 
greatest durability in those tests involving pure chemistry and no 
evaporation, whereas in the tests involving evaporation as well, 
though it remained a superior cement, it was not unsurpassed. This 
is really not a discrepancy at all. In resistance to the chemical action 
the cement is undoubtedly the best of the series and perhaps the best 


*Formerly Junior Engineer in Testing Division of the Metropolitan Water District of Southern 
California. 
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yet developed, however when the two different causes of disintegra- 
tion are combined as they were in the case where it was shown to be 
surpassed by one or two others, it, or at least the resultant concrete 
in the test specimens, lacks something contained by these others in 
ability to resist the crystal growth through evaporation. It is possible 
the higher C,8S in these cements gives the concrete higher early strength 
(as is shown on pagé 439) with which to resist the evaporation effect. 
The chemical portion of the action had been reduced to a low point 
but the evaporation factor was still to be solved—whether by cement 
content, chemical composition, cement fineness, density, admixture 
or what. 

C. M. Wakeman, Testing Engineer for the Los Angeles Harbor 
Department, in an interdepartmental paper on an incomplete investi- 
gation of the resistance of various cements to sea-water, expresses the 
opinion based on his results that the damage to concrete due to evap- 
oration in the tide range and immediately above is so great in com- 
parison to the purely chemical action below the low tide line that the 
latter is of almost negligible consequence. This is also apparent from 
visible examination of his specimens, still under test, in all cases of 
standard or modified portland cements. 

In the case of the alkaline mud containing ingredients of a more 
active nature and in greater concentrations than the sea water the 
chemical action is not to be ignored and is of major magnitude but 
his statement backed up by a very conclusive set of data will serve to 
show that the evaporation is also a major cause of disintegration, and 
in the case of highway construction through regions of much lower 
humidity and higher temperatures than is obtained at the harbor 
this must be even more pronounced. 

The problem of chemical action may not be completely solved but 
if it were divorced from the other, less confusion would prevail, and 
a big step would have been taken toward a solution of the evaporation 
problem, that step being the realization that we must look beyond the 
theoretical compound composition (keeping it nevertheless in mind) 
to other factors of cement, aggregate, mixing, and placing; and that 
the two separate and distinct problems should not be treated as one 
nor should they be discussed under the same heading until they are 
sufficiently solved separately that they may be contrasted with each 
other or compared analytically, and finally the results of the two lines 
of investigation combined to make the “perfect’’ concrete which we so 
desire. 

By way of suggesting a method of test procedure eliminating the 
chemical factor: A location, artificial or natural, of extremely high 
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evaporation should be found and specimens partly immersed in a 
solution of some salt which will build crystals but will not chemically 
affect the cement (possibly NaCl). Observations should then be 
made upon specimens varying in such qualities as cement fineness, 
cement strength characteristics, admixtures, aggregate grading, 
methods of placing, ete. 


CORRECTED CAPTIONS OF AUTHORS’ FIG. 2 


Fic. 2—ConDITION OF SPECIMENS (SERIES 2) AFTER EXPOSURE TO 
ALKALI SOIL FOR 12 MONTHS (AT LEFT) AND 24 MONTHS (RIGHT) 
Top pair of groups, “K’’ brand—left to right, the five vertical rows of specimens 
are identified as KS, KSR, KM, KSR and KM. 
Center pair of groups, “L”’ brand—the six vertical rows, left to right are: LS, 
LO, LSR, LM, LSR and LM. 
Bottom pair of groups, “‘C’’ brand—the four vertical rows, left to right are iden- 
tified by the symbols, CS-2, CH1-2, CL-2 and CL-2 (the last one in the 24-month 
group, extreme right. 


AUTHORS’ CLOSURE 


Mr. Tuthill is, of course, correct in his contention that ‘‘where 
conditions exist that make resistance to aggressive soils a serious 
problem, there can be no justification for halfway measures in the 
form of semi-resistant cements.’”’ However, where weathering condi- 
tions are only moderately severe, such as in constructions exposed to 
ordinary sea water or to alkali soils of light concentration, or where 
salts such as sodium chloride predominate and the percentage of 
magnesium sulphate is nominal, there is a very definite place for the 
so-called moderate sulphate resistant cement. 

Tests of lean concrete exposed to 10 percent sulphate solutions or 
concentrated alkali soil such as the California Willows alkali are 
accelerated tests of a severe nature. Under even these severe condi- 
tions concrete using any of the high grade standard commercial 
cements containing 8 percent or less C;A have invariably developed 
appreciably greater resistance to disintegration than any of the higher 
C;A cements. There is, therefore, sound basis for the conclusion that 
with California cements under moderately severe weathering condi- 
tions, the life of even an 8 percent C;A cement concrete will be mate- 
rially longer than where the higher C;A cements are used. 

There is ample evidence of this in the sea water series described in 
Engineering News-Record for March 17, 1938 wherein the lean Ottawa 
Sand high C;A cement mortars showed extensive disintegration in 
less than 34 months under normal sea water exposure, whereas the 
minus 8 percent C;A cements have shown no attack after five years’ 
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CEMENT IDENTIFICATION 
C$ DS aS 8S FS 8SW Obi} 
CsA Conrenr 172 Ha I15t tah Fa 37 ta” 
‘ CONDITION OF SPECIMENS AFTER 48 MONTHS 
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Fic. 8—-MoRrTAR DURABILITY TEST. 1-3 PLASTIC UNGRADED OTTAWA 

SAND CEMENT MORTAR SPECIMENS STORED AT THE LABORATORY, 

SACRAMENTO, IN NORMAL CONCENTRATION SEA WATER FROM SAN 
FRANCISCO BAY 1933-1938 


*Portland puzzolan, 70 per cent standard clinker and 30 per cent silica compound. C:A content of 
standard portland cement clinker only 


**Irregular edges result of removal of caps 
tAverage of three specimens 


exposure. All higher C;A cement specimens have completely dis- 
integrated in the five years. (Fig. 8.) 

A high sulphate resistant cement requires such a radical modifica- 
tion of the composition of most, if not all standard commercial cements 
that we are hardly justified in paying a substantial premium for such 
cements for use under only moderately severe weathering conditions. 
Yet as a safeguard against disintegration resulting from poor fabrica- 
tion, or relatively inferior aggregates, particularly in major structures 
exposed to sea water with a long life requirement, there is a very 
definite place for a specification which limits the C;A content to not 
over 8 percent, particularly when such a specification does not involve 
any increase in cost to the user. For the above reasons, we are now 
seriously considering the adoption of the proposed AASHO Standard 
Specifications for Moderate Sulphate Resisting Portland Cement 
M60-38, which limit the C;A content to 8 percent, as standard for all 
California State Highway construction. 
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TABLE 8 
EXPANSION 
Length - 
Cement Ident. of Remarks 
Storage | Na2SO, MgSO, 


COMMERCIAL CEMENTS 








DS (13.6 CsA)....... ; e 5 to 6 mos. /|1.25% (6 mos.)|/1.3% (5 mos.) | Cracked apart in 


5 to 6 mos 
og, a ae a ere ; 48 mos. O.11% 1.6% 
DL1 (DS + 30% Comp)....... 48 mos. 10.03% 0.20% 


DL2 (DSW + 15% Comp).....| 48 mos. 10.09% 0.65% 





LABORATORY BLENDED CEMENT 


CS (14.8% CeA).........--.; . 12 mos. 2.0% 1.9% (7 mos.) Both specimens 


cracked apart 
CS + 30% Mont. Shale. eS 12 mos. 0.02% 0.04% 
CS + 30% Fresno Pumicite....| 12 mos. 0.02% 0.03% 
CS + 30% S. F. Bay Mud..... } 12 mos. 0.15% 1.3% (9 mos.) MgSO, specimen 


| 
j cracked apart 
in nine months 





We cannot concur with Mr. Tuthill’s apparent conclusion that in 
“fall cases considerably greater and far more dependable ultimate re- 
sistance is obtained when a clinker is used having a composition 
known to be comparatively resistant, in that percentage of C;A and 
C,AF are held as low as may be practicable considering the nature of 
available materials, than by blending an unresistant clinker high in 
C;A with siliceous compounds of demonstrated activity and effec- 
tiveness.”’ 

From the work that has been carried on during the past five years 
in the Laboratory of the California Division of Highways, there 
appears to be ample evidence that a siliceous admixture of demon- 
strated activity, such as certain shales from Monterey County and 
pumicites from Fresno County, can be depended upon to materially 
improve a non-resistant clinker. 


In this connection, the data in Table 8 showing the expansion of 
mortar bars in sulphate solutions are of interest. 


It will be seen from a study of these figures that some very remark- 
able results may be obtained through the use of a proven admixture. 
In a recent examination of the “D’’ Grade Portland-puzzolanic type 
cements in the alkali soil series the specimens discussed in the original 
paper were found to be still showing relatively high resistance to 
alkali attack after approximately four years. 

The reduction of the aluminates below a certain minimum may 
greatly increase the manufacturing difficulties. However, a clinker 
low in aluminates should be proportionally low in glass content, and, 
therefore, low in those impurities soluble in or occluded by the glass. 
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Perhaps these relatively unknown constitutents contribute to the 
otherwise unexplainable differences in results. 

Mr. Nutter’s remarks are interesting in that they divide disruptive 
action into two definite and distinct fields; that caused by physical 
action, and that caused by chemical action. It is difficult, however, 
in an area where alkali is present in appreciable amounts, to isolate 
one condition from the other. We are interested in stopping the 
deterioration more than in knowing that perhaps part came from one 
cause and the remainder from another. 

This laboratory has been carrying on two added investigations 
that, in a way, partially fulfill the requirements of the tests suggested 
by Mr. Nutter. In one, 2 x 2 ft. slabs, 2 in. thick, were cast from 
five-sack concrete, and after curing 28 days, were placed in pans 
upon good and bad subgrade materials. The assembly was such that 
water in the pans could reach the slabs only from the bottom through 
the soil. Two slabs each were cast from low (6.4 percent), medium 
(11.9 percent) and high (15.1 percent) C;A cements. One slab of 
ach type of cement was placed upon good subgrade material and 
the other upon a subgrade soil with which was admixed 50 percent 
Willows alkali soil having a salt content of approximately 18 percent, 

The low C;A cement slab showed much greater resistance to the 
alkali than either of the other two cements, the high C;A slab having 
badly cracked in approximately 6 months, and completely disinte- 
grated in less than one year, whereas the low C;A cement slab developed 
no cracks until after 42 months. The action on the intermediate 
C;A cement slab was between the other two. 

In addition to the slab test, cylinders similar to those discussed in 
the original paper as series 1A were placed in a soil containing 17.6 
percent unrefined NaCl from a San Francisco Bay salt bed. After 
44 months alternate wetting and drying of the exposed top 3 inches 
of the specimens, disintegration is limited to a very slight exfoliation 
on the top, regardless of the brand of cement. 
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INTRODUCTION 


TuHeE Consulting Engineer’s title is imposing, and in the public eye 
his standing is respectable, but it is only constant struggle that will 
permit him to claim for himself the ideals of a scientific professional 
practitioner. He reads with awe the abstruse formulae by which 
mathematical analysts derive stresses with an error of only one half 
of one per cent; he listens wistfully to a description of delicate deter- 
minations of quality on a great government project; and then he has 
to settle down to make in a hurry a safe and economical! plan for a 
building which will have to be built without the meticulous safeguards 
which surround work done in very large projects. He has constantly 
to ask himself how much strength he can be sure his design will have, 
instead of designing for the maximum strength which ideal construction 
would build into his design. His work constantly improves, and he 
deserves much credit for that part of the improvement which he 
initiates, for it is very hard to keep scientific ideals in a business which 
is so buffeted by human and economic factors. 

The A. C. I. is an excellent guide to the maximum stresses and 
minimum material which it is safe to use, but there are factors which 
enter into practice which do not appear in its code, and it is worth- 
while now and then to check up on the interval between the ideal and 
the practical. 

The Program committee agreed that the discussion of a considerable 
number of engineers, if frank and outspoken, would be interesting, 
and perhaps valuable. I invited twenty-four designing engineers of 
Chicago to meet and discuss an extensive list of questions on structural 


*Presented at the 34th Annual Convention, American Concrete Institute, Chicago, Feb. 22-24, 1938, 
tSmith and Brown, Consulting Engineers, Chicago. 


(465) 





: 
f 


- per $7 24 eae 3 
a ee oe 


a8 3§- Rew 





xe SSR 


wa" 





466 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March-April 1938 


design. There were many others in Chicago whose contribution would 
have been valuable, but this number seemed to me as large as could 
be expected to join in informal discussion. 

There were present: J. B. Black, F. E. Brown, L. FE. Dunlap, 
P. F. Griffenhagen, Magnus Gunderson, A. J. Hammond, George 
Havens, A. C. Hollinger, Frank Huddleston, A. E. Lindau, R. R. 
Loeffler, V.O. McClurg, 8. F. Nydam, F. A. Randall, J. C. Sanderson, 
F. E. Seidensticker, C. H. Westcott and George A. Maney. F. R. 
MeMillan and A. J. Boase of the Portland Cement Association and 
W. 8S. Thomson of the Concrete Reinforcing Steel Institute also 
attended and contributed. 

This paper is a report of the design practice of these engineers on 
the points discussed. The writer found that there were a number of 
matters outside the code on which all were agreed; 

(a) That for footings, columns, and long girders of a_ building, 
the factor of a safety should be larger than for minor beams, joists, 
and slabs. 

(b) That simplicity in the arrangement of reinforcing steel is more 
important than the saving of a few pounds of steel. 

(c) That where the placing of reinforcing steel is intricate or 
unconventional, the designer should show the position of steel by 
sketches. 

(d) That taking advantage of the minimum requirements for rod 
spacing in beams is not good practice, since the rods are seldom 
absolutely straight. 

(e) That requirements for placing of rod supports should be given 
more attention by designers than they now get. 

(f) That the construction of structural frames should be under the 
inspection of an engineer directed by the designer. However good the 
design, however good the intentions of the contractor, however 
conscientious the inspector, unless the designer keeps in close touch 
with the construction there will be many defects in the structural 
frame. 

The meeting discussed at length these subjects: 

(1) Thickness of base slabs of spread footings. 

(2) Footing caps. 

(3) Length of column dowels. 

(4) Offsets in vertical steel of columns, and clearance of rods above. 

(5) Inclined stirrups. 

(6) Shrinkage. 
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(1) FOOTING BASE SLABS 

All were agreed that the base slabs designed by code for 3000 lb. 
concrete were too thin. Allowing for the fact that the designer’s 
eyes had been trained in the design of 2000 lb. concrete, such footings 
still appeared too thin. There were various methods in which de- 
signers varied from the code requirements to produce thicker footings. 
The writer prepared a table of thicknesses found by varying the slope 
to the diagonal tension section for footings with caps whose sides are 
b/4. The depths required for diagonal tension for widths for of b/4 plus 


3 l . - 
2d, — plus : and — plus 1.157d were tabulated for 5000— 4000— 


3500— and 3000-lb. gross soil pressure. 


For gross soil pressure of 5000 lb. per sq. ft., on a footing 16 x 16 ft., 
P = 1,184,000 lb. With a cap 4 x 4 ft. the respective depths were 
27 in., 30 in. and 34 in. At a distance c plus 2d the unit shears for 
these depths are 90, 70, and 53 p.s.i. 


For 3000 lb. gross pressure the depths are 20, 23, and 24 in. and the 
unit shears at c plus 2d are 90, 69, and 63 p.s.i. 


In a 16 x 16 ft. footing, carrying a 30 in. column, without pedestal, 
for 5000 p.s.f. gross soil pressure the depth required for 45 degree 
slope is 31 in. and for 60 degrees the depth is 41 in. 


Most of the designers felt that the depths required by the 60 degree 
slope were about right. This does not mean, in the opinion of the 
writer, that these designers regarded the diagonal tension as the weak 
point of the design. It seemed, rather, that we all felt that the action 
of a two-way cantilever slab, with or without a cap, is highly indeter- 
minate, and that if we use the conventional method of computation 
given in the code we should use lower fibre stresses. 


Everyone present liked pyramidal footings, but did not use them 
because of cost of forming. 

Most designers used the Talbot formula for determining the width 
within which the required steel must be placed, and added rods to 
continue the spacing across the footing. Some designers spaced the 
extra rods on 12-in. centers. One designer placed the steel in a width 
of ¢ plus 2d, with wide spacing outside, and selected a depth which 
gave what appeared to be rods of a proper size and spacing. The 
underlying thought here was that we have two crossed cantilever 
girders. 

Everyone regarded hooks as desirable whether required by bond 
limits or not. 
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! (2) FOOTING CAPS 
All present agreed that caps or piers were frequently necessary as a 
i height adjustment, and that their use saved expense. 

# The writer suggested that the pedestal with vertical faces made 
an unreinforced corner around which heavy stresses must be carried, 
and that the horizontal shear at the bottom edge of the pedestal was 

:' very large. He pointed out that blacksmiths had known for centuries 

that two bars welded together must be tapered, and that whether we 
do, or do not, get shear fractures here that we are permitting in a vital 

° member stresses which we do not permit elsewhere. Those present 

were rather dubious about this suggestion. The general feeling was 

that we ought to have tests on a capped footing, and that until it is 
shown that fractures would occur it is not necessary to reinforce the 
pedestal. Nevertheless, I am planning to use steel in pedestals, and 

; I urge on the Code committee some investigation of this subject 
leading to a paragraph in the code. 

ih As it is we can, in a footing 16 ft. sq., carrying 1,200,000 lb., use a 

I cap or pedestal 48 in. sq. whose minimum height is not limited. The 

F total compressive flange stress in the slab for code depth is 500,000 Ib. 

and this stress has an invincible tendency to rise where the depth of 

D's the bending section increases. In fact, our location of the critical 





He moment section assumes that it will rise. Where there is no cap the 

. dowels defend the column corner and the spiral defends the column. 
# One engineer present suggested that where drop panels have vertical 
; edges we do not find fractures. This might be because we do not have 
5 maximum moment stresses at the edge of the drop. I think the code 
3 should require reinforcing at all 90 degree angles in stressed concrete. 
(3) LENGTH OF COLUMN DOWELS 
; The practicing engineers present were unanimous in the opinion 
He that 24 diameters for intermediate grade steel in 3000 lb. concrete is 

iY too short. Mr. Boase called attention to the fact that compression 

bond is stronger than tension bond, and Mr. McMillan quoted test 

* data showing that the average compression bond increases with the 

» length of embedment, while the contrary is true of tension bond. 

Py The practicing engineers pointed out that concrete around the 
4 dowels is deposited at a height of 10 to 12 ft., and that there are 

ie? many rods at the bottom which cannot be ideally spaced. The general 

i | opinion was that the length should not be less than 30 diameters. 

if (4) OFFSET VERTICAL STEEL 

a: For tied columns of unchanged size many of those present felt 
t that the steel erectors would manage to get the rods without offsets 
24 

& 

| 

i) 

x4 











Reinforced Concrete Design Practice 469 


in place in such manner that the column would have the expected 
strength. Some use offsets in large rods where the column size is 
unchanged. Nearly all use offsets where the column size changed 
only two inches, and all use free dowels where the change in column 
size is as much as five inches. Most of the engineers present were 
high building engineers, and are accustomed to use tied columns in 
such buildings only in the upper two or three stories. In such column 
stacks the second tied column is usually the same size as the one below 
and has large excess of strength. In such cases prescribing offsets 
in the vertical rods does not take away needed strength, and certainly 
makes it easier to produce a good job of steel setting. In wall columns, 
however, unless we can trust the steel setter to put extra ties at the 
bottom of the offset, or to turn all offsets into beams, we will have a 
weak point. If a 1 in. square rod has 30,000 lb. compression there 
would be 5000 lb. of horizontal force at the bottom of the offset. 


One engineer spoke of varying one leg of the ties in alternate stories, 
so that the rods could stand side by side in the faces stressed by the 
major moments. This was regarded as an excellent device, but it 
seemed to the chairman that the repugnance of designers to introduce 
any special requirements into the placing of steel would prevent most 
present from adopting this plan. 


If, in a 14 in. tied column the ties are made 11 x 9 in. inside will the 
capacity of the column be diminished? If 1 in. rods are used would 
not the tie dimension have to be 11 x 8 in.? If the ties are all made 
11 x 11 in. and the steel erector is left to his own devices, are we not 
likely to have some ties showing in the surface? Is it worth while 
to save the extra cost of free dowels? 


For spiral columns no one objected on theoretical grounds to spring- 
ing the rods into a truncated cone of dowels where the upper third of 
the height was left unwired, or even to inclining vertical steel fastened 
only at the bottom. Several designers felt that coning rods to a small 
ring at the top caused poor placing and deficiency in the bond, as well 
as moment weakness. It was agreed that the vertical steel could be 
wired at top and bottom of the spiral for erection, and the wires at 
the top cut when the steel is in place, to permit coning the dowels. 
Mr. Maney strongly emphasized the fact that at a point of maximum 
moment in the column the resisting steel should not be set back from 
the spiral. It was suggested that a ring acting as a templet might be 
wired inside the vertical steel at the floor level so that the minimum 
convenient clearance would be secured for the spiral above. In this 
discussion, as in every other part of the meeting, the engineers declared 
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that only in jobs under constant engineering supervision could refine- 
ments of design for construction be carried out, and that where 
engineering supervision is not possible that the designer should make 
allowance for imperfect field work. Some engineers required offset 
bends in large rods for unchanged column sizes and for all rods where 
the column size changes. Some engineers minimize the number of 
column size changes and use separate dowels at points of change. 


There are too many angles to this question to make it possible to 
come to complete agreement. I think the discussion will have caused 
most engineers present to modify their methods somewhat, and I give 
here the various points brought up for the information of the Code 
committee and the membership at large. Practice is not uniform 
in this important feature of design, and there are some objections 
to any procedure proposed. 


(5) INCLINED STIRRUPS 


All who spoke on the subject felt that welded stirrup nests with 
stirrups inclined at 45 degrees would act better and give a stronger 
beam. The writer referred the question to a producer of welded 
stirrups who reported that they would cost little, if any more, per 
pound to produce. A sample stirrup nest was shown at a recent 
building materials exhibit, and the producers are planning to submit 
sketches to several engineers for criticism and suggestion. If we can 
get a stirrup with two fairly large bars both top and bottom we could 
prolong the top bars over the support far enough to enable us to count 
them as negative tension steel, and we could, if desired, prolong the 
bottom bars for negative compression steel. This might make econ- 
omies which would equalize the increased cost of the stirrup nest 
due to increased weight. The spot welds are said to be able to develop 
4 in. and 3/8 in. round rods, and with inclined stirrups and sizable 
top and bottom rods we might omit the hooks and most of the bottom 
cross bars. Then all the Pratt Truss tension the stirrups received 
would be translated directly into flange stress. With increased strength 
in our concrete our beams tend to become shallower, and stirrup 
action seems so obscure to most that I think engineers would weleome 
a stirrup device which they could understand. 


(6) SHRINKAGE 


The engineers were in agreement that we knew little about prevent- 
ing cracks larger than hair cracks. It was noted that where the 
reinforcing goes two ways we are not likely to have cracks, except 
where resistance piles up in long buildings. 
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The customary 3/8 in. round on 18 in. centers costs about 1 cent 
per square foot. It was agreed that where unsightly cracks appeared 
that the value of the building was decreased many times the cost 
of this shrinkage reinforcing. Many reported using much more than 
Yy |b. per sq. ft. of shrinkage steel, but that they always felt apprehen- 
sive, in the absence of definite data and code rules they might be 
accused of ‘‘loading”’ the job. 


The writer proposed that if the various types of restraint were 
classified in the order of their rigidity and tentative standards were 
adopted for shrinkage area, designers might feel free to use more 
shrinkage steel in most cases, and we would have better building. 


Slabs cast on concrete walls which are exposed both sides may have 
little restraint from shrinking. 


Slabs cast on walls which are buried and kept moist may have very 
stiff restraint, and may have large cracks. 


Slabs framed by concrete beams will have restraint produced by 
the heavy reinforcing of the beams. Garages with very long girders 
which have many heavy rods will have very many and very large 
cracks, unless the shrinkage steel is several times the area required 
by the code. 


Heavy steel beams tend to produce large cracks in the slabs they 
support. Probably the area of the beam is a factor in the amount of 
shrinkage steel required to defend the slab. 


Slabs resting on brick walls made of cement mortar are quite strongly 
restrained. If lime mortar is used the shortening of the walls under 
the pull of the slab may greatly diminish the differential. 

Where parapets rest on a concrete roof slab in a wall bearing job 
the shrinkage of the slab has in many cases shortened the wall below 
and left the parapet wall projecting at the ends of the building. 

Where concrete joists rest on steel girders if we form a crack over 
the steel tie beams which shrinkage would open to a maximum in the 
middle and which would taper to nothing at the columns we might 
graduate the shrinkage reinforcing from say 1/2 in. round on 6 in. 
centers near the girders to 3/8 in. round, 12 in. centers at the middle. 
If that is enough to prevent irregular cracks, often in places where 
they compromise structural strength, it would be worth while, since 
it would cost only about 5 cents a square foot. In a concrete building 
double joists with paper between would make slab shrinkage joints. 
Study of the subject might show that uniform close spacing of shrinkage 
rods without slab expansion joints is more satisfactory and less 
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expensive even if we use as much steel for shrinkage as we use for 
the joists. 

I think we will all agree that we do a pretty poor job in designing 
for shrinkage, and that the effects are sufficiently serious to make an 
energetic attempt to rationalize the design worth while. Neither 
one man nor a dozen can do what is needed. The appropriate com- 
mittee should make an earnest attempt to get the assistance of the 
whole membership in collecting all the pertinent data in thousands 
of cases, and then to draw up a statement of recommendations. 

Perhaps while this is being done some reliable data in regard to 
expansion joints will emerge. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by June 1, 1938. For such 
discussion as may develop readers are referred to a Supplement to 
be issued with the Journat for Sept.-Oct., 1938. 
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Discussion of a paper by Albert Smith: 


Reinforced Concrete Design Practice* 
THEODORE DOLLT 


The writer regrets his absence from the discussion reported in Mr. 
Smith’s interesting paper. While such discussions naturally take place 
at the meetings of the various committees that have the business of 
preparing or revising specifications, they are never published, and it 
is a good idea occasionally to have such exchanges of opinion published. 

In reaching the conclusion that “for footings, columns, and long 
girders of a building, the factor of safety should be larger than for 
minor beams, joists, and slabs,’”’ the writer wonders whether consider- 
ation was given to the possibility of having unusually heavy loads on 
slabs and joists; such as the movement or placing of heavy safes, 
placing of heavy file cabinets or bookcases, or the indiscriminate 
piling of bricks on a floor when making alterations. In other words, it 
seems that excessive loads are much more likely to be placed upon 
small areas than upon large areas, and hence the reduction of the factor 
of safety for small areas is questionable. It is also questionable, in the 
opinion of the writer, whether the supporting members under large 
areas, such as footings, columns, and long girders, are likely ever to 
receive, in many buildings, the loads assumed in the design; except in 
the case of structures designed to carry specific materials or equipment. 


In the structural design of frameworks for buildings, we have 
several factors of safety involved, such as: 1) those in the assumed 
live loads; 2) in the assumed unit stresses; 3) in the design formulas; 
and 4) those added by designers who are not satisfied with, or do not 
realize, the factors of safety that have already been allowed. As a 


*Journat Am. Concrete Inst., March-April 1938; Proceedings Vol. 34, p. 465. 
Structural Engineer, Chicago, Llinois. 
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result, we can scarcely be said to know the real factor of safety of any 
structure or part of a structure. Any consideration of the desirable 
factor of safety for a particular member or type of member ought to 
include recognition of the factors of safety already allowed, as men- 
tioned above. The writer is inclined to believe that the sum total of 
the factors of safety in most of our reinforced concrete buildings is 
unnecessarily high, and that many office buildings could, with adequate 
foundations, be used as warehouses. 


Those reading the report of the discussion on footing base slabs 
should supplement it by reading or rereading Talbot’s discussion of 
shearing stresses and diagonal tension failures, (p. 63 to 66 and 103 
to 105 of University of Illinois Engineering Experiment Station 
Bulletin No. 67). At the close of his discussion of the tests of wall 
footings, Talbot calls attention to the fact that the computed shearing 
stress at the critical section was greater than that obtained in beam 
tests, and suggests that this may have been due partly to the greater 
resistance of short beams in diagonal tension, and possibly partly to 
not taking the critical section far enough from the face of the wall. 
In view of this, the writer should like to suggest that, if thicker footings 
are desirable, it may be found more consistent to use a smaller value 
for the allowed unit shear at the critical section. Since the unit shear 
on the vertical section is, in general, only a rough measure of diagonal 
tension, perhaps what is needed is a better way of estimating the diag- 
onal tension itself. Since it is admitted, however, that diagonal 
tension is not regarded as the weak point in the design, it would seem 
that picking on the critical section is rather shooting beside the mark. 


The writer wonders if what those present at the discussion had in 
mind was obtaining stiff footings to distribute the load uniformly on 
the foundation material. On rock, for example, a considerable part 
of a large, flexible footing would be of no value. On a yielding founda- 
tion, however, such a footing could be expected to distribute the load, 
but would not be desirable if the load was likely to vary considerably, 
because the churning action would be objectionable. 


If it is the intention to ensure a minimum stiffness for footings, a 
more logical method would be to specify the minimum allowed thick- 
ness of footing as a function of the projection and the net upward 
pressure. To camouflage a stiffness specification by limiting the unit 
shear or altering the critical section for diagonal tension is misleading 
to those who do not know the history of such a change; whereas a 
specification of the type suggested is practically self-explanatory. 
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Problems Involved in Mass Concrete Construction 
And Methods of Attack by the Committee* 


By Raymonp E. Davist 


Chairman Committee 108, Properties of Mass Concrete 


ORGANIZED in 1930, the Committee on Properties of Mass Concrete 
has been in existence during a period when there has been placed in 
mass structures in this country more concrete than ir all preceding 
history. 


I believe it is safe to say that during this period there have been 
greater advances in the practice of design of mass-concrete structures, 
in construction practices, and in our knowledge of the effect of various 
elements upon the properties of mass concrete in which the engineer 
is interested than in all previous history. 


Reviewing the minutes of the early meetings of the committee I am 
impressed by the fact that in 1930 our knowledge of mass concrete 
and its properties was meager. From observations in the field it was 
known that structures apparently built under equally favorable circum- 
stances exhibited large variations in physical condition. 


Some of our structures were free from cracks; others were badly 
cracked. Some of our dams were comparatively watertight; others 
showed excessive percolation. Some of our early concrete structures 
withstood the ravages of time and the elements; others of later vintage 
under like conditions of exposure had exhibited serious disintegration 
and were in need of repair. 

Measurements on a few dams and bridge piers had indicated that 
the hardening of concrete in mass structures was accompanied by a 
” *These remarks by Professor Davis were introductory to a session of the 34th Annual Convention, 
American Concrete Institute, Chicago, Feb. 22-24, 1938, at which sorne phases of the work of the 


committee were reviewed in four papers, two of which are published in this JourNAL. 
tProfessor of Civil Engineering, University of California. 
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considerable temperature rise; and there was present in the minds of 
some engineers the rather vague idea that this temperature rise could 
in some degree be controlled by the chemical composition and the 
fineness of grinding of cements. The theory of the compound com- 
position of cements had been born, and a few researchers in cement 
chemistry had already done exploratory work which indicated that 
variations in compound composition of cement as well as variations 
in fineness had considerable effect, not only upon the strength of 
concrete at various ages but also upon the heat of hydration at the 
early ages. 


There were available the results of tests on small cores taken from 
a few mass structures and the results of tests on a few large cylinders, 
but beyond that nothing was known of the actual strength of concrete 
subjected to mass curing conditions nor of the strength of concrete 
mixes such as were commonly used in mass concrete construction. 
Of the strains developed during the heating and cooling of the mass 
nothing was known, although on a few dams attempt had been made 
to determine such strains through surface strain-gage measurements. 


To most engineers of that period who were responsible for the 
design of mass structures, heat of hydration was a foreign term, 
plastic flow was a foreign term, and they were not concerned with the 
coefficient of thermal expansion or thermal conductivity in specifying 
conditions of placement. No thought was given to the question of 
heat transfer or to thermal stresses. 


I think what I have said is a fair statement of the knowledge that 
existed in the art and science of mass concrete construction in 1930. 

During the existence of this committee, it has issued no report, 
but through its individual members it has been active in promoting 
widespread research. Through the efforts of its members we have 
seen developed the very extensive investigations of the U.S. Bureau of 
Reclamation, the National Bureau of Standards, the Tennessee Valley 
Authority, the Portland Cement Association, the Army Engineers, 
and the Metropolitan Water District of Southern California; and the 
fruit of these investigations has come to this Institute in papers by 
members of the Institute inside and outside the committee membership. 

Further, we have seen the results of these investigations applied to 
design and construction practices. The engineer is becoming informed 
as to the effect of composition and fineness of cement, character of 
aggregate, richness of mix, etc., upon strength under mass conditions, 
elasticity, plasticity, and volume changes. He believes that through 
the utilization and combination of the proper materials, and through 
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the utilization of proper design and construction methods, he can 
with surety build a better structure than he could have built a decade 
ago. Whether he is entirely correct in his belief, time alone will tell; 
but certainly if one may judge by the present appearance and con- 
dition of mass structures lately completed, substantial advancements 
have been made. 

And your committee believes that now is a good time to take 
account of stock. To review the developments of the years, this 
committee proposes to present a rather comprehensive report which 
is now in process of preparation. The task of gathering the material 
for this report and of presenting this material in a form suitable for 
publication is not a light one, and it is not likely that the report will 
be completed before the end of this year. 

This report will deal with the behavior of mass concrete. It will 
attempt to explain or to give the reader a conception of the actions 
that are going on within the mass from the time the concrete is placed 
until old age. It will present a digest of the results of laboratory 
investigations. It will summarize field experiences, not only as regards 
construction but also as regards service. It will present analytical 
methods of determining temperatures, strains, and stresses. 

A part of the work of the committee has consisted of an extensive 
field survey which has involved the inspection of more than 60 dams 
and other structures scattered from the Atlantic to the Pacifie and 
from Canada to Mexico. 

This session of the Institute has been arranged in the belief that 
members present at this convention would be interested in a brief 
preview of some of the work of the committee and the succeeding 
papers on this program by members of Committee 108 on Properties 
of Mass Concrete are being presented with this thought in mind, 

Editor’s Nolte—Four papers were presented by committee members, two of them in the 
following pages. ‘“‘Some Time-Temperature Effects on Mass Concrete,” By J. W. 
Kelly, Research Engineer, Engineering Materials Laboratory, University of California; 
and “Field Survey,” By F. R. McMillan, Director of Research, Portland Cement 
Association, Chicago, are scheduled for publication in the May-June 19388 JouRNAL. 


Professor Davis concluded the session on Mass Concrete with the following: 
CLOSING REMARKS 

Before turning this meeting back to the Chairman, I should like to 
express my belief that while with the knowledge developed during the 
last few years we are able to build better structures than we did ten 
years ago, there is still much to be learned. Even our recently con- 
structed large dams, where full advantage has been taken of the 
developments of research and where workmanship has been of the 
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best, exhibit imperfections; and to my mind they fall short of the ulti- 
mate in the potentialities of concrete. 

If this be true for our large dams, it is certainly true to a much 
greater degree for bridges, highways, and buildings. One thing we 
must recognize is that a type of concrete, including a certain type of 
cement and a certain type of aggregate, which is suitable for one 
type of structure in one environment may be quite unsuitable for 
another type of structure in another environment. Another thing 
we must recognize is that the first cost is not the only cost, and the 
factors of maintenance and useful life should be given more consider- 
ation than has usually been the case. 

While looking back over the last few years we may regard the 
progress of our knowledge as satisfactory, I have the feeling that the 
developments of research in the next few years are likely to give us 
information of much more far-reaching importance; that in mass 
structures we shall be able to build more truly for permanence; we 
shall be able to produce concretes which are as resistant to the action 
of weather and percolating water as are the best rocks found in nature; 
we shall be able to construct dams which are free from cracks and 
are truly watertight. For concrete structures in general, where 
great strength is desired, I think we may be able to build with less 
than half the materials considered necessary today. The strength 
potentialities of concrete certainly approach those of our high-grade 
building stones. 

We have been taught to believe that one of the inherent character- 
istics of concrete is that its shrinkage upon drying would be sufficient 
to cause cracks. It is entirely possible that some of us may see the 
commercial production of concretes of such low shrinkage and such 
high extensibility that cracking will be eliminated, even in thin sections 
under severe drying conditions. 

I think all those of us who are engaged in research must constantly 
keep before us the picture of concrete as the ideal material and con- 
stantly work to the end of more completely developing its potentialities; 
and those of us who are engaged in design and construction should 
give the concrete researcher hearty cooperation. Only through such 
cooperation will real progress be made. In other words, we must all 
work together toward a common ideal. 
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DEFINITION OF MASS CONCRETE 


b 


As used in this paper, the term “mass concrete”’ includes not only 
concrete of massive proportions but any concrete wherein the temper- 
ature rise due to hydration of the cement, unless controlled, becomes 
a factor in the development of objectionable cracking. 


According to this definition, mass concrete is not dependent on the 
maximum size of aggregate employed in the mix and is not necessarily 
dependent on the thickness of section. It may range from an 18-in. 
slab containing 1%-in. gravel cast against an unyielding base, or the 
7-ft. buttress walls of a multiple-arch dam with 3-in. maximum 
aggregate, to the 620-ft. block of concrete comprising the base of 
Boulder Dam in which 9-in. cobbles were used. 


PHASES OF THE CRACKING PROBLEM 


Concrete, an economical, desirable, and in most respects a very 
satisfactory building material, is notoriously deficient in volume 
constancy and resistance to tensile failure. Cast in any proportions, 
it is inherently afflicted with a tendency to crack and one of the 
greatest problems before the dam builder today is the prevention 
of such cracks where they are undesirable or dangerous. Besides 
presenting an unsightly appearance, cracks affect the watertightness, 
durability, and stability of the structure. They occur in an unpredict- 
able manner, thereby rearranging the distribution of stresses within 
the mass in a fashion totally different from that assumed in the design, 
and contribute to later discontinuity and leakage in concrete which 
” ‘Presented at 34th Annual Convention, American Concrete Institute, Chicago, Feb. 22-24, 1938, as 
a part of the work of Committee 108, Properties of Mass Concrete, Raymond E. Davis, Chairman. 


tEngineers in the Denver office, United States Bureau of Reclamation. Mr. Blanks is a member of 
Institute Committee 108. 
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may originally have been monolithic and relatively watertight. 
Cracked concrete is rightly to be considered defective, and sound 
engineering practice dictates that its causes be determined and plans 
devised to avoid or control objectionable cracking. 

Some mass-concrete structures crack more than others, the degree 
ranging from practically no cracking to an extremely severe pattern. 
Logically then, it should be possible to discover the reason for this 
difference and to define those circumstances which contribute to 
defective work as well as to work which is satisfactory. By observa- 
tion, cracking has appeared to be more pronounced in large structures 
built during recent years. It is probably more than a coincidence that 
high-speed production, so characteristic of modern American indus- 
trial progress, was also adopted by the construction industry during 
this period. This trend was characteristically accompanied by a 
persistent demand for more rapid hardening portland cement having 
greater heat evolution on hydration, and the erection of structures 
with ever increasing proportions. 


SOME CAUSES OF CRACKING IN MASS CONCRETE 

Cracking in many instances can be traced to improper design or 
unfavorable foundation conditions—causes well understood and, in 
most cases, remediable. This sort of cracking is, however, aside from 
that under discussion, whose origin and prevention are less tangible. 
Cracks in thin concrete sections can generally be attributed to drying 
shrinkage, which has been shown by laboratory tests to be of such order 
as to produce inevitable tensile failure in concrete when subject to 
restraint. These effects are limited, however, to relatively thin 
sections, as it has been demonstrated by test and by calculation that 
larger bodies of concrete exposed to the weather retain their moisture 
for all except a slight depth at the surfaces. Shrinkage due to drying 
cannot, therefore, be considered responsible for cracking in mass 
concrete except for the inception of shallow cracks at the surface which 
afterwards may be enlarged or continued by other forces. 





Cracking in mass concrete is generally caused by tensile failure 
resulting from contraction as the concrete cools from its maximum 
temperature to an ultimate stable temperature condition. High 
temperatures are occasioned by heating of the freshly placed concrete 
due to hydration of the cement. The maximum value reached depends 
on the initial concrete temperature, the amount of heat generated by 
the cement, surrounding temperature conditions, rate of construction, 
the specific heat and thermal conductivity of the concrete and other 
factors. For conditions of equal restraint, crack development will be 
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most severe when the temperature range through which the concrete 

cools is greatest. Ordinarily the highest concrete temperatures and 

greatest cooling range would be encountered in concrete placed during 

the summer, when initial concrete temperatures are high. 
EXPERIENCES IN CRACK CONTROL 

The Owyhee Dam in Oregon, completed in 1932, was built at a 
fairly rapid rate with concrete containing about one barrel of standard 
cement per cubic yard. The crack pattern illustrated in Fig. 1 is 
typical of what may be expected in a large dam constructed under 
such conditions, even though radial contraction joints were spaced an 
average of about 50 ft. apart and the depth of lifts limited to 4 ft. 
Because of the arched plan of the dam and an exceptionally thorough 
job of grouting, the cracking, although rather extensive, has not affected 
the stability or watertightness of the structure as may be seen from 
Fig. 2. 

For comparison, Boulder Dam is a much larger structure than 
Owyhee and was built at a more rapid rate under severe, high tempera- 
ture conditions. The crack-control measures employed at Boulder 
included 50-ft. contraction joints both transversely and longitudinally, 
one barrel of low-heat cement per cubic yard of concrete, 5-ft. lifts 
with additional limitations as to rate of placement, and artificial 
cooling which reduced differential temperatures and stresses within 
the blocks. The development of cracks in Boulder Dam has been 
slight and approaches ideal conditions. Cracks that have been 
observed in this structure are superficial or of a minor nature and in 
many cases can be associated with drying shrinkage. 


The crack control scheme used to date at Grand Coulee Dam has 
been the same as for Boulder except that modified cement having 
heat-generating characteristics midway between standard and low-heat 
types was used. The decision was made to use modified instead of 
low-heat cement in the initial construction at Grand Coulee because 
it was felt that the lower placing temperatures and artificial cooling 
would hold cracking to the desired minimum. While the cracking in 
Grand Coulee Dam is greatly reduced as compared with Owyhee, 
the conditions are still not all that might be desired, particularly in a 
straight gravity-type dam. The tentative decision has been made to 
employ low-heat cement for the balance of Grand Coulee Dam. 

Analysis of crack surveys at the three dams just discussed shows 
the following results in length of opened cracks per linear foot of 
galleries: Owyhee 2.47, Grand Coulee 1.85, and Boulder 0.72 feet. 
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Fic. 2—DowNSTREAM FACE OF OWYHEE DAM OCTOBER 1937 


At Morris Dam in California, a combination of low-heat cement, 
reduced cement content in the concrete, and 50-ft. spacing of trans- 
verse contraction joints was highly effective in reducing cracking. 
Only two cracks of any significance, both parallel to the axis of the dam, 
have been noted. 

Modified cement and transverse contraction joints were employed 
in the construction of Tygart River Reservoir Dam in West Virginia. 
The thickness of lifts at Tygart varied from 5 ft. in summer to 10 ft. 
during cold periods. During the earlier stages of construction, a 
major longitudinal vertical crack about midway between the faces 
and small cracks spaced at about 20-ft. intervals both transversely 
and longitudinally were reported. It is also reported that cracking 
was materially reduced by lowering the cement content in unexposed 
concrete of the dam. 
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Fic. 3— REDUCED CRACKING ON BARTLETT DAM 


Norris Dam in Tennessee was built under conditions very similar 
to those obtaining at the Tygart River Reservoir structure except 
that the thickness of lifts was limited to five feet and the foundation 
was less yielding. Rather numerous vertical cracks, but none serious 
from a structural standpoint, occurred both normal to and _ parallel 
with the axis of the dam. Many of the longitudinal cracks extended 
entirely across the blocks between transverse contraction joints and 
some of the transverse cracks were traced for distances of 20 ft. from 
the faces of the dam. In general, the horizontal cracks were super- 
ficial, extending into the concrete for distances of only 3 to 5 ft. 


Bartlett Dam, a multiple-arch structure in Arizona, is under con- 
struction. The buttresses are hollow with walls up to 7 ft. thick 
which contraction slots are spaced at 50-ft. intervals. These slots 
are filled with concrete after maximum temperatures have subsided. 
Concrete placing in the buttresses was started with modified cement 
as an expediency and later changed to low-heat type. The marked 
reduction in cracking resulting from the use of low-heat cement is 
shown graphically in Fig. 3. It should be emphasized, however, 
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that the crack openings illustrated are very small and the horizontal 
ones at least are apparently gradually closing. Similar experiences 
were encountered in the construction of Rodriquez Dam, an Ambursen 
type, slab and buttress structure in Mexico, wherein both standard 
and low-heat types of cement were employed. 


Both portland-pozzolan and modified cements were used in building 
the massive piers and anchorages for the Oakland Bay and Golden 
Gate bridges at San Francisco, California. Portland-pozzolan cement 
generates less heat than standard or modified but does not equal low- 
heat cement in this respect. Less cracking is observed in those portions 
of the above-mentioned work where the pori!and-pozzolan type of 
cement was used. Portland-pozzolan cement was also employed in 
the major portion of Bonneville Dam in Oregon and fewer cracks 
are to be found in this structure than would have been expected with 
standard or modified cement. 


Low-heat cement is being used in the construction of the Marshall 
Ford Dam in Texas. While the placing of concrete in this dam is 
just getting well started, no cracks have been reported to date. Low- 

heat cement was also used in the Parker Dam in California which is 
\ now nearing completion. Artificial cooling is also being employed and 
though the opportunities for crack study at the Parker structure are 
slight, experiences and observations during construction show little 
reason to anticipate much cracking. 





The rates of construction and the time of exposure at contraction- 
joint faces varied considerably for the various structures just discussed. 
Limitation of construction progress usually entails added costs; how- 
ever, any scheme for coping with the evil of cracking carries with it 
additional expense, the economic justification of which can be deter- 
mined only by judgment and in terms of the results achieved. Pre- 
cooling of concrete ingredients as a means of reducing initial concrete 
temperatures is another scheme which has been studied in connection 
with crack control. 





From the observations recorded and comparison with other struc- 
; tures on which no crack control was exercised, it can only be concluded 
that precautions and efforts to reduce cracking have yielded most 
| gratifying results. 
| 


‘ 
' 


TEMPERATURE STUDIES AND OBSERVATIONS 
The temperature state of any massive structure during construction 


is dependent on the ambient temperature and on the temperature 
control in effect. The initial temperature of the concrete depends 
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chiefly on the temperature and specific heat of the various ingredients 
and is usually very close to the mean monthly air temperature. 


The temperature rise of the concrete due to the hydration of the 
cement depends on the many factors that have already been stated 
as determining the maximum temperature. A maximum temperature 
is attained when the rate of cooling equals or exceeds the rate of heat 
generation. 


When the surface of a 5-ft. lift is exposed continuously to the initial 
temperature, 2 maximum point in the average temperature rise curve 
occurs about three days following placement. Curves showing the 
computed average temperature rise history of concrete in the interior 
of a very large dam and of a moderate-sized dam are shown in Fig. 4. 


For a concrete of average thermal properties and containing one 
barrel of cement per cubic yard, the temperature rise to the 3-day 
maximum is about 40° F. for standard portland cement and 23° for 
low-heat portland cement. In the interior of a very large dam the 





i radiation from the surface is about the only loss of heat occurring 
during the construction period. As soon as the lift is covered, practic- 
( ally no further loss occurs and the temperature rises again due to the 


continuing hydration of the cement. If an exposure of only 3 days 
is allowed, the temperature of the concrete some 6 to 12 months later 
will be about 47° F. above the initial temperature regardless of the 
type of cement used. If the top of the lift is exposed for 10 days, the 
temperature of the concrete from 6 to 12 months later will be about 
32° above the initial temperature, as shown by the dashed lines in 








Fig. 4. In this case the maximum average temperature for standard 
cement will occur about 3 days after placement. With low-heat 
cement, however, the heat generated after 10 days is still enough to 
raise the temperature above the peak at the age of 3 days. It is 
apparent that artificial cooling is necessary if the temperature of the 
concrete is to be reduced to the stable temperature in a reasonably 
short time. Also, if the maximum temperature is to be reduced mater- 
ially through the use of low-heat cement, it is necessary that artificial 
cooling be started as soon as possible after the concrete is placed. 


The lower curves of Fig. 4 also show average temperature curves 
of the concrete of a dam 50 ft. thick, having the same thermal proper- 
ties and under the same exposure conditions as given above for the 
purpose of comparison. Study of the curves reveals that the maximum 
temperature advantage of slow heat-developing cement is obtained 
when the rate of cooling can be made, either artificially or naturally, 
to exceed the rate of heat development in the early age. Concrete 
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containing cement having a high rate of heat development in the 
early age will attain a rather high temperature before the rate of cool- 
ing equals the rate of heat generation so that, even with artificial 
cooling, comparatively high maximum temperatures are attained. 


Fig. 4 shows only the temperature rise above the initial temperature. 
When the concrete is placed under extreme conditions, as in the 
middle of the summer, the initial temperature may be far above the 
final stable temperature. Fig. 5, which shows the concrete temper- 
atures in Boulder Dam, indicates that in certain parts of the dam the 
total temperature drop was as high as 90 degrees. It is apparent 
that the placing temperatures may have a much more important 
bearing on the temperature drop and consequent contraction of the 
concrete than any change that may be effected by varying the heat- 
generating characteristics of the concrete. 


A comparison of the average placing, maximum, and final tempera- 
tures of concrete at Boulder and Grand Coulee Dams is shown in 
Fig. 6. The maximum temperatures for Boulder Dam are shown only 
for the time during which low-heat cement alone was used. The figure 
clearly shows that the maximum temperature of the concrete at 
Grand Coulee Dam, where modified cement was used, was practically 



























































































































































130 n 
--Avg. max. temp. of concrete, 
' Grand Cuulee Dam 
120 \| (Modified cement) >—77e 4 
“110 A. Af SN 
W of \ Bee ee 
Ww - tte 
100 \ | / |‘>Avg. max. temp. of concrete | | | 
= | Avg. placing temp. aa (L esis Dam t) 
© go|_,Boulder Dam, | \y ‘ee Se an iy eae er 
. y —~ T 
. m™ pAvg. placing temp. A : 
> 80 ; wan Coulee —- ' 
q + ACTON 
Mu \ - | 
a bn Pf x ¥ a | 
a - \ t t + 
fo SH Avg. final temp;——+ 
50 Boulder Dam 
ome Ses i as Aesdaheghodocdoade + | | 
40 SC AVG final temp.-- | | ay 
| | Grand Coulee Dam | | 












































TICCTEDOUN GIES ASC TOON WITS. 
TIME, MONTHS 


Fic. 6—CoOMPARISON TEMPERATURES 
BOULDER AND GRAND COULEE DAMS 























Cracking in Mass Concrete 487 


70 


a 
° 


a 
°o 


cS} 


-— 
— 


T —_ 


CALCULATED TEMP. RISE’ 
| BBL CEMENT PER CU YD 
EXPOSED TO INITIAL TEMP 


TEMPERATURE RISE~ DEGREES 


6 





1 2 3 4 
TIME OF EXPOSURE OF TOP OF LIFT- DAYS 


Fic. 7-——-COMPARISON OF CALCULATED TEMPERATURE RISES AND 
OBSERVED VALUES AT BOULDER AND GRAND COULEE DAMS 


the same as at Boulder Dam although the initial temperatures at 
Grand Coulee Dam averaged about 15 degrees less than at Boulder 
Dam. The 15-degree higher temperature rise at Grand Coulee Dam 
is accounted for by the higher heat of hydration of the cement and 
lower diffusivity of the concrete as compared with Boulder Dam 
concrete. Since the average final temperatures at Grand Coulee Dam 
are also lower than at Boulder Dam, the total range from maximum 
to final temperatures is greater. 

Curves showing the variation of temperature rise with time of 
exposure of top of the lift for Boulder Dam and Grand Coulee Dam 
concrete are shown in Fig. 7. A comparison of the calculated curves 
of the temperature rise 28 days after the concrete is placed, for concrete 
containing low-heat cement and having a diffusivity of 0.050 sq. ft. 
per hour and for concrete containing modified cement and having 
a diffusivity of 0.030 sq. ft. per hour, shows fair agreement with the 
ralues observed at Boulder and Grand Coulee Dams, respectively. 
Most of the difference is to be accounted for by the difference in the 
assumed exposure conditions from the actual conditions. 

Fig. 8 shows comparative observed values of temperature rise in 
the 18-in. protective slab of concrete recently placed on the down- 
stream face of Arrowrock Dam. The different types of cement used 
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Fic. 8—TEMPERATURES IN SLAB CAST ON MASSIVE CONCRETE FACE 
OF ARROWROCK DAM 


developed varying degrees of cracking, depending on the temperature 
of placement as well as type of cement. Panels containing low-heat 
cement were free from cracks. 

Detailed data are not available of the temperature rise of concrete 
from very many projects. Some average values with the known 
controlling factors given are as follows: 

Owyhee Dam, standard cement, 4-ft. lifts, average exposure of 
top of lifts 4.3 days, average temperature rise 47°. 

Norris Dam, modified cement, 5-ft. lifts, average exposure of top 
of lift 314 days, average temperature rise about 35°. 

Tygart Dam, modified cement, 5-ft. to 10-ft. lifts, average temper- 
ature rise about 35°. 

THERMAL STRESS AND VOLUME CHANGE EXPERIMENTS 

From the evidence recited it must be concluded that low-heat and 
portland-pozzolan type cements are endowed with superior qualities 
other than low-heat generation, which contribute to crack resistance. 
Explanations for these desirable qualities have not, however, been 
entirely apparent from their properties as developed in the laboratory, 
which in some respects are negative. For, while the tensile strength 
of portland-pozzolan cement has been shown to be greater than that 
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of other cements, some extensibility tests on concrete under sustained . 
load show it to fail easiest in tension. 





As stated previously, drying shrinkage is of small moment in mass | 
concrete. Fig. 9 is presented to show that, in any event, the effect if 
of type of cement on drying shrinkage in small concrete members is ii 
small in comparison with the total values. No consistent relationship i 
between shrinkage and type of cement is noted, with the exception 
that most of the portland-pozzolan cements result in somewhat 
increased volume change as compared with portland types. Hi 

Plastic flow in concrete under compression has been shown to be {| 


greater and elastic properties to be acquired much more slowly for 
low-heat and portland-pozzolan cements than for standard and 
modified types, and low-heat cement was found to be favored slightly 
in extensibility tests. No particular differences have been established 
for the thermal coefficient of contraction and expansion of concrete r 


ee oem =e 


containing the various types, except that it is indicated to be slightly 
higher for portland-pozzolan cement. 


With the object of searching for the indefinable trait that dis- 
( tinguishes these two cements, tests were made in the Bureau of 
Reclamation laboratory in Denver to simulate closely the early history 
of mass concrete wherein conditions of restraint exist. These were 
> performed with the four cements which have been mentioned, each 
concrete being cured under rising temperatures that would be obtained 
with these cements. It was felt that the early thermal conditions 
of the concrete at the time it acquires its elastic properties were 





important for the creation of those circumstances peculiar to crack 
development or immunity. 


—— 


Cylinders, 6 x 24 in., were made with 34-in. maximum size aggregate, 
water-cement of 0.59, and using a mix of 1:2.26:3.42 by weight. 
These were cast in very thin sheet-copper jackets, vibrated, sealed 
to prevent moisture loss, and observations made on the length and 
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temperature of the specimen by means of a 10-in. Carlson strainmeter 

which had been embedded longitudinally in the center of the specimen. 
‘ The temperature of the room in which the specimens were cured was 

controlled so that the specimen temperature would follow the internal 
temperature cycle calculated for concrete placed in 5-ft. lifts at 15-day 
intervals. The cooling was an arbitrarily selected rate, begun shortly 
after maximum temperatures were reached, to accelerate the test. 
As the temperature increased, the specimen tended to increase in 
length which was balanced by applying a gradually increasing com- 
pressive load to maintain the restrained specimen at a constant length. 











490 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


2 
oe O 
O@ !20 
-2 
x < 60 

7 
zs“ 
oO 
z= 
e2 
wo 
ar 

. x 
” 

w & 300 
r2 
© 9 360 
2° 


. 


MOVEMENT 


.. “Sealed storage 70° F 
“Mass cu 


iBone ecccwne Stored under water 70° F --- 


7 


i2-[- 


60 








March-April 1938 


-\¥--><---Stored at 50% relative humidity 70° F 





es escceccs 





oO 123456769 ON 21 4 15 16 
AGE _ IN MONTHS 








‘s----- Standard cured fog 70° F 


[e----5---- >--- Stored at 50% relative humidity 70°F ----- 








Fig. 9—LENGTH CHANGES IN 4 x 4 x 40 IN. CONCRETE BARS 
(TOP) MASS CURED; (BOTTOM) STANDARD CURED 


EXPLANATION: 1—Sulfate resistant portland; 2—25 per cent shale—75 per cent modified; 3—-Low 


heat portland; 4—25 per cent tuffa—75 per cent normal; 5— Modified portland; 


7—25 per cent pumicite—75 per cent modified; 8—15 per cent Calcined shale 


6—Normal portland; 
-85 per cent low heat; 


9—25 per cent Slag—-75 per cent modified: 10—25 per cent clay—75 per cent modified; 11—25 per 


cent tuff—75 per cent modified; 12—25 per cent pumice—75 per cent modified. 
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Fic. 10—WITH SUCH EQUIPMENT LABORATORY TESTS ARE MADE 
SIMULATING CONDITIONS OF RESTRAINT IN EARLY HISTORY OF MASS 
CONCRETE 


As the temperature dropped, the compressive load was gradually 
released until no load was needed to maintain the constant length, at 
which time the specimen was placed in tension. Special anchors, a 
spider of reinforcing bars, embedded in the ends provided means of 
suspending the specimen in a tension frame. Tension was then applied 
as the concrete cooled to again keep its length the same, until failure 
or until the original temperature was reached. A period of observa- 
tion at this temperature followed, after which cooling to lower tem- 
peratures was resumed. Identical specimens were cast for control, 
unrestrained and free to expand or contract as the temperature or 
other conditions varied. The apparatus used in conducting these 
tests is shown in Fig. 10 and the data obtained are shown graphically 
in Fig. 11. 

Modulus of elasticity determinations were made by observing the 
movement due to the application of a compressive load, except in 
the case of the restrained specimens, where movement due to a release 
of the load, whether compression or tension, was used for the basis 
of modulus of elasticity determinations. The variation between the 
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Fic. 11—THERMAL STRESS EXPERIMENTS ON RESTRAINED CONCRETE 
NORMAL, MODIFIED, LOW HEAT AND PORTLAND-POZZOLAN CEMENTS 


value of the modulus of elasticity determined for the restrained and 
unrestrained companion specimens was found to be small, the former 
indicating a higher value of the modulus of elasticity at an early age, 
and the difference growing less with age. 


It is to be noted, Fig. 11, that the failure with normal (standard) 
and modified portland cements occurred before the temperature had 
returned to the starting point, and that the portland-pozzolan and 
low-heat cement temperatures dropped well below that at the beginning 
of the test before failure occurred. The release of tensile load, nec- 
essary to maintain constant length while stored at constant tempera- 
ture, in the cases with portland-pozzolan and low-heat cements, is an 
indication of creep in tension, more pronounced in the portland- 
pozzolan than in the low-heat. 
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Theoretical stress, Fig. 11, was computed from the modulus of 
elasticity measured on the restrained specimens and the free expansion 
of the companion specimens, with no attempt to separate the factors 
contributing to this movement. Wide difference was found between 
experimental and theoretical stress developed in compression for each 
type of cement, the experimental being of less magnitude in all in- 
stances, due to the fact that relief of stress through plastic flow was 
not considered in calculating the theoretical stress. Greatest difference 
between actual stress and the theoretical was found in the low-heat 
cement during the time it was held in tension, indicating that this 
type of cement actually does creep under a tensile loading condition. 


These tests, though preliminary, indicate that the portland-pozzolan 
and low-heat cements have an advantage over the standard and 
modified cements in withstanding the shrinkage stresses set up in 
concrete cured under these conditions. They present results which 
show marked differences between the cements and offer some explan- 
ation for the dissimilar behavior observed in the field. The ability of 
concrete containing low-heat or portland-pozzolan cements to adapt 
itself to and resist early tensile stress better than the concrete made 
with the other cements is probably the most important difference. 
Coupled with this, it is demonstrated that lower compressive stresses 
are developed under restraint in these same concretes. 


If we consider that the boundaries of a freshly placed concrete 
monolith are tending to cool and contract and are resisted in this 
attempt by internal expansive forces, it will be realized that, without 
ability to adjust itself, cracks are induced at (and normal to) the 
colder concrete surfaces. After a lapse of time, during which the 
plasticity of the concrete (or tendency to yield under stress) decreases, 
the interior of the mass gradually cools and contracts. Such con- 
traction is in turn then resisted by the relatively unyielding outer 
cold concrete with the result that the cracks which may already have 
been formed progress into the interior. Evidence of such differential 
contractile movements are found in the manner in which contraction 
joints in dams have been found to spread when the concrete cools. 
Fig. 12 illustrates the width of opening over the face of a contraction 
joint at Owyhee Dam, where accurate measurements were taken by 
means of many instruments embedded across the joint. The concrete 
panels adjacent to this joint on both sides near the top of the dam 
were cooled, by circulating water through pipes embedded in the 
concrete, as an experiment on the cooling system proposed for Boulder 
Dam. It is observed that the joint opened widest in the middle and 
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Fig. 12—VoLUME CHANGE IN MASS CONCRETE OF OWYHEE DAM 
CONTRACTION JOINT OPENING MAY 13, 1932 TO JUNE 27, 1932 


very little on the boundaries, indicating that the exposed surfaces 
of the blocks which were always kept cool changed their dimensions 
but little while their centers were subjected to contraction as heat was 
extracted. 


SUMMARY AND CONCLUSIONS 


In conclusion, it may be stated that cracking in mass concrete 
constitutes an important problem and one requiring consideration 
in the design and construction of mass-concrete structures. Cracking 
in such structures is principally due to thermal stresses set up in the 
concrete mass as it cools to the ultimate stable temperature condition 
and is restrained from contractile movement by either outside or 
internal differential forces. Experiences gained in exercising crack 
control measures indicate most gratifying results which, together with 
experimental data and mathematical analysis, point the way toward 
even more satisfactory solution of cracking problems in mass concrete 
work. The most effective single method for improving cracking 
conditions is the use of low-heat or portland-pozzolan cement. Re- 
duced cement content, limitation of thickness of lifts and the rate 
and time of concrete placement, artificial cooling and the judicious 
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use of contraction joints are other effective measures for the control 
of cracking in mass concrete. 
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INTRODUCTION 


THE concrete in massive structures is generally subjected to tensile 
stresses which are not indicated by the design. The intention is nearly 
always to eliminate tension in design, so that applied loads should 
cause only compressive stress. If the structural units are continuous, 
this design stress is usually so small in comparison with present day 
concrete strength that compressive stress due to applied load is 
relatively unimportant. But tensile stresses develop from other 
“auses; cracks occur, and the structural units are no longer continuous. 
The design stress then has little meaning and the safety of the structure 
is indefinite. It may be stated, therefore, that tensile stress is the 
common problem in mass concrete. 

Of all the possible causes of tensile stress and cracking in mass 
concrete, it is now generally believed that the main cause is temper- 
ature variation, which is due both to heat of hydration and to weather 
variations. Drying shrinkage has been shown' to penetrate only 
slightly into a mass and therefore to be important only as a cause of 
starting cracks that otherwise might not form. Plastic flow cannot 
act until stress is present and therefore it acts only to modify other 
influences. ‘‘Growth” of concrete upon hydration is small except 
when an occasional cement is encountered that contains an appreciable 
amount of hard-burned oxide of lime or of magnesia. 

The present discussion is therefore limited to temperature changes 
and resulting stresses in mass concrete. An attempt will be made to 
~ *Presented at the 34th Annual Convention American Concrete Institute, Chicago, Feb. 22-24, 1938, 
SO © Soe worn of Institute Committee 108, Properties of Mass Concrete, of which Professor 

tAssoc. Prof., Civil Engineering, Massachusetts Institute of Technology, Cambridge 


1Carlson, R. W., ‘Drying Shrinkage of Large Concrete Members”, JourNaL, Amer. Concrete Inst., 
Jan.-Feb. 1937, Proceedings Vol. 33, p. 327. 
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Fia. 1— ADIABATIC, TIME TEMPERATURE CURVES OF CONCRETES 
CONTAINING DIFFERENT TYPES OF CEMENT 


show how temperature changes can be controlled in a number of ways. 
Some suggestions will be made as to how cracking can be avoided. 





TEMPERATURE CHANGES \ 

Temperatures in mass concrete are affected by so many variables 
that the attempt to interpret observed temperatures in service concrete ; 
often leads to confusion. It would be a difficult task to unscramble 
the variables and show what effect might be obtained by changing 
single variables, such as type of cement, casting rate, etc. The effect 
of these variables can be shown more accurately by comparing tempera- 
tures that have been computed, rather than observed, for typical cases 
involving systematic changes of variables. The computed tempera- 
tures are believed to be reliable for the conditions they represent, 
because temperatures computed by the same method? have been 
checked repeatedly against actual temperatures observed under known 
conditions. Therefore, the present discussion will be based entirely 
on temperature changes computed for an average concrete having a 
thermal diffusivity of 1.0 ft.2 per day. In the interest of simplicity, 
foundation material is assumed to have the same thermal diffusivity 
as the concrete. 

The temperature rise plotted against time for concrete protected : 
against loss of heat is called an “adiabatic, time-temperature curve’’. 
It is the basis of all temperature computations for mass concrete. 
The temperature rise that occurs at any point in a structure is this j 
temperature rise less the temperature equivalent of whatever heat . 
has been lost at that point. 











*Carlson, R. W., ‘A Simple Method for the Computation of Temperatures in Concrete Structures,"’ 
Journat Amer. Concrete Inst., Nov.-Dec. 1937; Proceedings Vol. 34, p. 89. 
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Adiabatic, time-temperature curves for three types of cement are 
shown in Fig. 1. The cements represented are (1) rapid hardening, 
which is a high-early-strength cement, (2) moderate heat, which 
contains less than 8 per cent of C;A, and (3) low heat, which is limited 
both in C;A and C,;8. It should be clear that not all cements of a 
given type will have the particular time-temperature curve shown 
for that type in Fig. 1. The three cements chosen are all finely ground 
(1900 to 2200 sq. cm. per gm.). If standard cement were included, 
its curve would be between those for rapid-hardening and moderate- 
heat cements. 


The curves of Fig. 1 have been used as the basis for all computations 
involved herein. They apply only for the particular conditions of 
0.9 bbl. cement per cu. yd. of concrete and 70° F. casting temperature. 
It is well to bear in mind also that they will be modified slightly if 
aggregates of abnormal specific heat are used. 


In order to simplify the portrayal of temperature changes in mass 
concrete, boundary and interior changes are considered separately. 
As one part of the problem, the surface temperature is assumed to be 
constant and heat is assumed to flow in the vertical direction only. 
For the second part of the problem, the top surface is permitted to 
vary in temperature and heat is also permitted to flow toward the 
sides. The simple addition of these temperature effects computed 
separately is justifiable from a mathematical standpoint, and _ it 
gives the combined effect of heat generation and surface conditions. 


INTERIOR TEMPERATURES 


The temperature changes that occur in the interior of a large mass 
of concrete may not be sufficient to cause the formation of a crack 
even though the temperature rise may be abnormally high. If the 
subsequent drop in temperature takes place slowly, so as to permit 
plastic flow to relieve stress, and if there is no internal weakness, such 
as a joint or other discontinuity, the drop can be large without causing 
a crack. Therefore, cracking of the interior is probably dependent 
largely on the easy penetration of cracks from the boundaries, where 
the cracks usually start. Under present plans of construction, bound- 
ary cracks are usually present and ready to penetrate the mass with 
only a slight amount of internal tension, so plastic flow does not 
come into full play. The maximum temperature that develops in the 
interior of a mass is important, then, not because it is likely to be the 
first cause of cracks but because it affects the conditions near the 
boundaries and it governs the ultimate opening of cracks carried in 
from the surfaces. It is inevitable that in the course of time, the 
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Fig. 2—TEMPERATURE DISTRIBUTIONS IN CONCRETE ONE DAY AFTER 
CASTING EACH 5-FOOT LIFT 


interior temperature will fall to the same final value, regardless of 
the maximum. 


Let us examine, first, the interior temperatures that develop under 
typical conditions. In order to provide a basis of comparison, it may 
be considered to be “regular practice’ to cast concrete containing 
0.9 bol. of moderate-heat cement per cu. yd. at a rate of one 5-ft. 
lift every 4 days. If no heat were lost, the temperature rise of this 
concrete would be according to the middle curve of Fig. 1. 


The temperature changes in the interior of concrete cast according 
to regular practice, as defined above, are shown in Fig. 2 and 3. The 
maximum rise up to the greatest age shown is about 36° F., and the 
ultimate rise, if the rate of one lift each four days were continued 
indefinitely would be about 40° F. (not shown). This may be com- 
pared with an adiabatic rise of 55° F., the difference being caused 
by heat lost to the top surface between lifts. 


Referring to Fig. 3, in which temperature rise at different points 
is plotted against time, it may be seen that no large or rapid tempera- 
ture drop occurs during the time covered by the curves (12 days). 
Furthermore, it can be shown that if the mass is large, the ultimate 
drop to final temperature may take years, so no rapid temperature 
drop is indicated for the interior concrete during the life of the struc- 
ture. These remarks do not take into account the effect of galleries 
or other openings within the mass which come under the heading of 
“‘boundaries’’. 
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TEMPERATURE DISTRIBUTION AT END OF 14TH DAY SHOWING 


EFFECT OF TYPE AND AMOUNT OF CEMENT IN CONCRETE CAST IN 5-FOOT 


LIFTS EVERY 4 DAYS 


Effect of type and quantity of cement on interior temperature 


The t 


emperature rises shown in Fig. 2. and 3 for moderate-heat 


cement are intermediate between those for rapid-hardening and low- 
heat cements. In Fig. 4 are shown the temperature rises 2 days 
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after casting the fourth 5-ft. lift for each type of cement and also for 
the low-heat cement in a leaner mix. The rises apply only for the 
condition of casting at a rate of one 5-ft. lift every four days and 
for the cement contents of 0.9 and 0.75 bbl. per cu. yd. as designated. 

The maximum temperature rises shown in Fig. 4 for the three types 
of cement are 43°, 36°, and 24°, respectively. Although results for 
later ages than that shown indicate a greater additional rise for the 
low-heat cement than for the others, the comparisons shown are 
believed to be fair for the more common cases. Generally, there are 
interruptions in casting rate and heat losses to sides that make it 
unfair to compare results at later ages except for specific cases. Thus, 
one may conclude tentatively that the interior temperature of mass 
concrete, cast at a rate of 5 ft. every 4 days, will be reduced about 
7° F. if moderate-heat is substituted for rapid-hardening cement, 
and the temperature will be reduced about 12° more if low-heat is 
substituted for moderate-heat cement. The maximum rise is almost 
twice as great for rapid-hardening as for low-heat cement. 

The effect of lower cement content on temperature rise is similar 
to that of substituting a lower-heat cement. Both heat of hydration 
and heat loss in mass concrete are almost exactly proportional to 
cement content under ordinary conditions. Therefore, a given per- 
centage reduction in cement content will produce nearly the same 
percentage reduction in temperature rise. The two curves for low- 
heat cement in Fig. 4 show a 17 per cent difference in temperature 
rise for a 17 per cent difference in cement content. 

It is significant that a temperature rise of less than 20° F. is shown 
for concrete containing only 0.75 bbl. of low-heat cement per cu. yd. 
With such a limited temperature rise, there would be little danger 
of internal cracking unless the casting temperature were relatively 
high. 

Similar effects of type and quantity of cement on temperature 
rise of concrete are shown for 10-ft. lifts in Fig. 5. The average casting 
rate is again 1.25 ft. per day, the same as for the 5-ft. lifts discussed 
above. Again, almost twice as great a temperature rise is shown 
for rapid-hardening as for low-heat cement, with moderate heat about 
midway between these two. 

Effect of thickness of lift on interior temperatures 

No great reduction in ultimate temperature rise results from reduc- 
ing the thickness of lifts if the average rate of construction is main- 
tained high and constant. In other words, almost as much heat 
escapes from a 10-ft. lift exposed 8 days as from two 5-ft. lifts exposed 
4 days each. But a great improvement results from thinner lifts if a 
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Fic. 5—TEMPERATURE DISTRIBUTION AT END OF 14TH DAY SHOWING 
EFFECT OF TYPE AND AMOUNT OF CEMENT IN CONCRETE CAST IN 10-FOOT 
LIFTS EVERY 8 DAYS 


lower casting rate is adopted and, even for rapid rates, conditions 
are greatly improved near the foundation. 

First, consider the limited effect of thinner lifts on ultimate tempera- 
ture rise when concrete is cast at an average rate of 1.25 ft. per day. 
A rough indication of this effect may be obtained by comparing 
Fig. 4 and 5, which show temperature rises for 5 and 10-ft. lifts respect- 
ively. These curves are not strictly comparable, because they are for 
different concrete ages, but they indicate a small improvement for 
the thinner lifts. A better comparison is obtained by comparing 
temperature rises at later ages (not shown), by which means a re- 
duction in ultimate temperature rise of 3° F. is indicated due to 
changing from 10-ft. to 5-ft. lifts, while keeping the average casting 
rate at 1.25 ft. per day. 

By way of contrast, the great reduction in temperature rise due to 
thinner lifts when the casting rate is slow, is shown in Fig. 6. In 
this figure are shown the temperature rises in the center of the first 
lift cast on the foundation for each of three lift thicknesses, 10, 5, 
and 2.5 ft. Note that for the 10-ft. lift, a maximum temperature 
rise of 42° F. occurs at an age of 5 days. Therefore, however long the 
time may be between 10-ft. lifts, the maximum temperature rise cannot 
be reduced below 42°. On the other hand, a maximum temperature 
rise of 17° F. occurs in the 2.5-ft. lift soon after the first day, and if 
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Fic. 6—VARIATIONS IN TEMPERATURE WITH TIME IN THE CENTER OF 
UNCOVERED LIFTS OF 10, 5 AND 2.5-FOOT DEPTH FOR MODERATE-HEAT 


CEMENT 


the rate of construction is slow enough, this temperature rise of 17° F. 
will not be exceeded later. The reduction of temperature rise from 42 
to 17° F. is considered to be a great improvement and is quite different 
from the small improvement shown by thinner lifts when the casting 
rate was rapid. 

A somewhat similar improvement due to the use of thinner lifts 
obtains near the foundation, even for relatively-rapid rates of con- 
struction. In Fig. 7 are shown the temperature rises in 10-ft. and 
and 2.5-ft. lifts, respectively, at the particular time when the rise 
reached a maximum in either case. This time happened to be four 
days after casting the 10-ft. lift and two days after casting each 2.5-ft. 
lift. If the casting is continued at the same average rate until heights 
above foundation of 30 ft. or more are reached, the ultimate tempera- 
ture rise for the 2.5-ft. lifts will be found to be only a few degrees lower 
than for the 10-ft. lifts. But here, near the foundation, it is seen that 
the temperature rise for 2.5-ft. lifts is only about half that for 10-ft. lifts. 

Delays in construction may be considered to be advantageous when 
shallow lifts are cast, in view of the favorable temperature rises shown. 
Delays may be dangerous, on the other hand, when thick lifts are 
cast. A long time interval between lifts may be the direct cause of 
internal cracking of thick lifts. A single, thick lift will cool from a 
high-enough temperature to crack of itself, if early cooling is con- 
tinued by delay in casting. 
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Fic. 7—TEMPERATURE DISTRIBUTIONS SHOWING EFFECT OF THICKNESS 
OF LIFT NEAR FOUNDATION 


Effect of precooling concrete upon interior temperatures 

Concrete cast at a temperature lower than that of its surroundings 
will gain heat for a time until its temperature exceeds that of the air, 
after which time it will begin to lose heat. Whenever precooling of 
concrete is considered, it is advisable, therefore, to estimate how 
much of the precooling will be carried through to the hardened concrete. 


For every degree that concrete is reduced in temperature before 
being cast, approximately 0.6 degree reduction in maximum tempera- 
ture will result in the mass. This conclusion is the result of compu- 
tations to show the effect of casting temperature on temperature rise 
for the case of “‘regular practice”, in which a 5-ft. lift is cast every 
four days. A larger percentage of the precooling is carried through 
to net reduction in temperature rise if thicker lifts are employed. 
However, the advantage of thicker lifts in this respect will not offset 
the disadvantage shown previously unless the precooling is more 
than just a few degrees. 

Precooling of concrete before casting appears to offer such a com- 
plete solution to the temperature problem in mass concrete that it 
would seem destined for adoption as regular practice. The stumbling 
block is the cost. It is not sufficient to cool only the mixing water, 
which would be relatively easy, but the aggregates would need to be 
cooled also to get the initial temperature somewhere near freezing. 
The cooling of water alone should not be overlooked because it is 
believed that mass concrete often could escape cracking by relatively 
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slight improvement in temperatures. For every degree that the mixing 
water of average, mass concrete is reduced, the temperature of the 
concrete is reduced a quarter of a degree. Thus, if the aggregates 
were dry so that all of the mixing water could be cooled, it might be 
possible to reduce the temperature of the fresh concrete by a maximum 
of 10° F. in summer when the water might be 72° F. for example. 
The addition of ice to the concrete mixer has been tried and found 
unsuccessful but only because lumps of ice did not melt. A machine 
for furnishing finely divided ice at the mixer bears some promise, in 
this connection. 

Effect of high casting temperature 

Much of the advantage that could be gained through casting during 
cold weather is often lost through heating concrete more than ne- 
cessary. The tendency of concrete to crack depends on the extent of 
cooling, which in turn depends on the difference in temperature 
between the concrete and the air. It is natural to adopt a feeling of 
security just because absolute temperatures of concrete are low during 
cold weather. But a greater difference between concrete and air 
temperatures often exists during cold weather than during warmer 
weather. 

The most satisfactory condition from the standpoint of temperature 
stresses results when the concrete is cast at a temperature barely 
high enough to prevent freezing. For every degree of unnecessary 
heating, the hardening temperature of the concrete will be raised 
about 0.6° F. Furthermore, the boundary conditions will be affected 
to a still greater extent because of the accelerating effect of the higher 
temperature on the rate of hardening. 

All of the temperature rises presented in the accompanying figures 
are for the condition of casting temperature equal to average surface 
temperature. It should be clear that the temperature changes will 
be more severe for higher casting temperatures and less severe for 
lower casting temperatures. The curves of temperature rise can be 
adjusted to include the effect of higher casting temperatures by 
merely adding the effect of the relatively lower surface temperature 
computed separately. The rises will then be referred to a higher 
casting temperature and actual temperatures will be higher. This 
adjustment does not take into account, however, the effect of the 
different casting temperature on the rate of heat liberation. 

TEMPERATURE VARIATIONS NEAR BOUNDARIES 

It has been shown that cooling of the interior of a mass of concrete 
is ordinarily gradual and therefore not likely to cause cracking un- 
assisted. The fact that mass concrete generally cracks suggests, 





OD eS ee = 








— 2 














Temperatures and Stresses in Mass Concrete 507 





+ 
Ga 


TOP | SURFACE (AiR) 


ike 
4 to) ‘DEPTH 
— 


N 





+ 
“ 
| 
| 
| 








ees 
\ es é 
AS im 


12-INCH DEPTH 
—,.. 





°o 


















































TEMPERATURE VARIATION, degrees 











-10 a iit GE tak te X 
| | 
is + 
| 
20 | 
; ss "6 @ 2 SS Oe See ee 


HOURS 
Fic. 8S—TEMPERATURE CHANGES IN CONCRETE DUE TO FLUCTUATING 
SURFACE TEMPERATURE 


then, that either internal construction joints or temperature change 
near some of its surfaces must permit cracks to start. It can further 
be shown that temperature conditions are not usually serious at top 
surfaces under normal conditions. Therefore, the formed surfaces 
must be the main source of cracks. 

Consider first why the origin of cracks is not likely to be in a top 
surface. Tension and cracking are caused by cooling after concrete 
has hardened. The concrete at a top surface, being exposed, hardens 
at low temperature and thus is safe against extensive cooling after 
hardening. A factor of some importance is that concrete in a top 
surface usually hardens during the cool night following casting and 
thus, there is more heating than cooling due to weather variations. 

The curves of temperature rise presented thus far involve no fluctu- 
ation in temperature of the top surface. Actual measurements indicate 
that on an average job, the daily average surface temperature is 
nearly equal to the daily average air temperature, which is in turn 
nearly equal to the casting temperature. The temperature rises shown 
in Fig. 2-7 can readily be corrected to include the effect of any vari- 
ation of surface temperature; it is merely necessary to add the effect 
of surface variations, because it can be proved that such effects are 
additive. 

In Fig. 8 are three curves showing how concrete temperature is 
affected at different depths by a daily range in air temperature of 
30°. Naturally, the worst case is right at the surface, where the 
concrete would be expected to feel the full effect of the variation 
in air temperature. The variation in concrete temperature diminishes 
rapidly with depth below the surface, being about 60 per cent of the 








508 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March-April 1938 


















































T 
3 
Sos oe INNER SIDE OF ie SSS 
us+20 on 
= Syatts 
Tos paw 
= sf i 
x RN 
= +10 we 4 DAYS (FORMS OFF) —j~——__-__ 
hee 
2s NOX a i 
— 
ow 
So ———————_____} , 
= 
&-s Dy te ao ne —+ 
ud | 
2-10 2 r - t- i" 
<= 
3S 

-iS . 2 5 


1 
DEPTH BELOW CONCRETE SURFACE, feet 
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surface variation at a depth of 4 in. and less than 25 per cent at a depth 
of 12 in. 

By combining the variations in temperature due to a 30° range in 
air temperature, as illustrated in Fig. 8, with the variations due to 
internal heat generation, one still finds no large or rapid temperature 
drops for “‘regular practice’. The greatest drop is about 15° for a 
region within a few inches of the surface. Such a temperature drop 
could hardly cause a crack to start, although it is not far from the 
danger point. The addition of further temperature drop due to a 
“cold spell” or to leaving the lift exposed for a longer period of time 
could easily cause cracking. 

But whatever may be the chances of cracks starting at unformed 
surfaces, the chances are far greater where surfaces have been covered 
by thick wooden forms. In the case of moderate-heat cement the 
worst condition occurs when the forms are removed from a thick lift 
at an age of about 2 days. At this time, the concrete immediately 
under the forms has had its maximum temperature rise, although the 
interior concrete is still warming. When the forms are removed, the 
concrete is exposed directly to the cooler air and a quick cooling 
occurs to a depth of several feet in a few days. 

An illustration of the severity of cooling due to early removal of 
thick forms is presented in Fig. 9. In this figure, the temperature 
change during the two days immediately following form removal, is 
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shown. The final temperature includes the effect of an assumed, 
daily variation in air temperature of 30° total, and represents the 
condition during the cooler part of the day. The average reduction 
in temperature for the 12 in. of concrete near the surface is shown to 
be 20° and the maximum reduction is about 29° right at the surface. 
Recalling that this condition is realized with only 0.9 bbl. of moderate- 
heat cement per cu. yd. and with a temporary air temperature of 
only 15° below casting temperature, it is easy to understand why 
mass concrete cracks when cast according to modern practice. 

The use of a richer mix of concrete near the faces induces tempera- 
ture changes even more severe than those shown in Fig. 9. This 
makes the problem of preventing surface cracking much more difficult 
than otherwise, but not impossible. Fortunately, there is little need 
to use a richer mix near the side forms of each monolith of a gravity 
dam. 

The effect of galleries and other openings within a mass of concrete 
is similar to the effect of exterior, formed surfaces. While no detailed 
study has been made of this subject, the formation of cracks seems 
to be invited by the common practice which is to insulate the surfaces 
of galleries and allow them to harden at an elevated temperature, 
and then to strip the insulation and permit rapid cooling. It would 
seem to be preferable either to use non-insulating forms, or to allow 
insulating forms to remain in place for several weeks. Temperature 
and stress computations should be made to show the relative ad- 
vantages of alternative methods. 

TEMPERATURE STRESSES IN MASS CONCRETE 

For design purposes, it would be desirable to have a method of 
predicting the stresses that would be likely to occur in a structure 
due to temperature effects as well as to load. Although a considerable 
amount of progress is being made in this direction, the time has not 
yet arrived for the presentation of a rigid method of predicting ther- 
mal stresses. Such stresses are affected by so many factors that 
even if all the necessary information were available, the thorough 
analysis of the stresses would be too involved to be practical. For 
the present, then, it seems necessary to be content with approximate 
methods of analysis that at least remove some of the guesswork from 
the estimation of stresses that will occur under different conditions. 

A knowledge of temperature changes alone does not permit the 
determination of resulting stresses. The effect of the temperature 
changes is directly dependent on the thermal expansion coefficient 
of the concrete and on its elastic and plastic properties. In order to 
compute thermal stresses, the following data must be available: 
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1. Coefficient of thermal expansion, 
Modulus of elasticity at various ages, 

3. Coefficient of plastic flow (millionths per p.s.i. per day) 

at various ages, and 

4. Time-temperature relations. 

The coefficient of thermal expansion, moduli of elasticity, and 
coefficients of plastic flow should be measured on concrete like that 
in the mass and preferably under similar temperature conditions. The 
time-temperature relations must be computed for the conditions 
expected to prevail in the structure, if the analysis is to precede and 
guide the construction. 

The plastic deformation of concrete, like elastic deformation, 
appears to be nearly proportional to the intensity of stress. It is 
convenient in computations, therefore, to lump elastic and _ plastic 
deformations for a particular time interval under consideration by 
using what may be termed as a “sustained”? modulus of elasticity. 
The sustained modulus may be defined as the ratio of stress to elastic- 
plus-plastic deformation and it may be computed from the instant- 
aneous modulus and the flow coefficient. 

R. E. Davis and associates* have shown that plastic flow in tension 
may differ from that in compression, but for the present, it is believed 
to be sufficiently accurate to consider the coefficients to be equal 
for tension and compression. More complete test data on plastic 
flow for both tension and compression under mass concrete conditions 
are sorely needed. The excellent work that has been begun along this 
line by such able investigators as R. E. Davis and R. F. Blanks de- 
serves encouragement. 

Horizontal Stresses due to temperature changes 

While mass concrete is rising in temperature after being cast, it 
changes from a soft, yielding material with no resistance against 
plastic deformation, to a hard semi-elastic material. In general, 
the concrete is restrained horizontally by the underlying material 
and little or no expansion is permitted during the early period of 
rising temperature. Only a moderate degree of compressive stress 
develops from the restrained expansion, because of the plastic nature 
of the young concrete. Later, when the concrete has become more 
resistant, it cools, while the underlying material then acts to prevent 
it from contracting. The tension that develops is relieved to a lesser 
degree by plasticity than was the compressive stress that developed 
during the period of rising temperature. 


*R. E. Davis, H. E. Davis and E. H. Brown, ‘Plastic Flow and Volume Changes of Concrete,”’ 
Proc. A. 8. T. M., Part II, 1937 
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A simplified method of computing horizontal thermal stresses at 
early ages will now be given as a tentative procedure. This method 
is only slightly different from that presented by Clark and Brown 
a year ago.‘ The study of strains and temperatures in gravity dams 
has indicated that for the first few days after casting, the concrete is 
prevented from expanding or contracting to any considerable extent. 
This condition of constant length (100 per cent restraint) is therefore 
suggested as a simplifying assumption that may be used until more 
refinement is justified by supporting data. This assumption is nearly 
valid near the foundation and at early ages. 

The computation of stresses due to complete restraint is merely 
an economical method of extending test results. It would be better 
to measure in the laboratory the actual stress required to maintain 
a speciman at constant length while it is subjected to the 
temperature changes in question. But it would be extravagant to 
make a test for every condition of importance, so the method of 
computation merely attempts to duplicate these relatively-simple 
test conditions. The plastic and elastic data that are measured on a 
particular concrete, subjected to a particular temperature cycle and 
maintained at constant length, permit computations to be made for 
that concrete subjected to a variety of other temperature cycles. 
Thus, with a single test as a guide, the probable stresses in different 
parts of a structure and under different rates and conditions of casting, 
can be determined. 

In general, the elementary method of computation consists of taking 
arbitrary time intervals of one or more days and computing the change 
in stress during each interval. A summation of the stress changes 
gives the probable stress up to any desired time. It is advisable to 
begin with the concrete one day old, assuming the stress to be zero 
at that time. 

Under the assumption of complete restraint, each degree of rise 
or fall in temperature causes a compressive or tensile strain, respect- 
ively, of an amount equal to the coefficient of expansion. The com- 
pressive strain developed during the first arbitrary time interval is 
then equal to the product of temperature rise and coefficient of 
expansion. The resulting stress is the product of this strain and the 
sustained modulus of elasticity for the time interval. 

For the second time interval, the additional compressive strain will 
be reduced by plastic flow resulting from the existing stress. There- 
fore, the procedure is the same as for the first time interval except 


4R. R. Clark and H. E. Brown, Jr., ‘‘Portland Puzzolan Cement as Used in Bonneville Spillway 
Dam,” JouRNAL Amer. Concrete Inst., Jan.-Feb. 1937, Proceedings Vol. 33, p. 183. 
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that the net strain is the algebraic sum of the plastic flow, as com- 
puted by applying the flow coefficient to the stress at the beginning 
of the time interval, and the equivalent thermal expansion. The 
change in stress during the second time interval is then obtained by 
multiplying the net strain by the sustained modulus of elasticity for 
that interval. 


Successive time intervals are treated similarly, tension being treated 
merely as negative compression and temperature drop being also 
negative. 


At later ages, the assumption of complete restraint becomes less 
and less tenable, especially for the concrete in the interior, where the 
temperature change is partaken by the massasa whole. Measurements 
have indicated degrees of restraint as low as 25 per cent under such 
conditions; that is to say, 75 per cent of the full thermal expansion or 
contraction actually occurred. Data are now being collected from 
service structures which should indicate whether empirical degrees 
of restraint can be established, or whether it may be preferable to 
treat the mass more elaborately according to elastic theory for later 
ages. This is an important point, because if such small restraint as 
25 or even 50 per cent is general, the slow cooling of the interior of a 
large mass will then not cause cracks to start in the interior. The 
problem is then more definitely to prevent the formation or pene- 
tration of surface cracks. 


Near the surfaces, studies indicate that horizontal stresses due to 
daily and seasonal variations in temperature can be estimated with a 
reasonable degree of accuracy at all ages on the basis of complete 
restraint. Such stresses are of particular importance in view of the 
present indication that they may cause the cracks that penetrate 
to the otherwise crack-free interior. 


Vertical stresses due to temperature changes 


In the vertical direction, the concrete as a whole is free to expand 
or contract as the temperature change dictates. But if different parts 
of the concrete change in temperature by different amounts so ag to 
tend to curve the surface, shearing resistance comes into play and 
each part tends to restrain the other. The shearing resistance is 
usually so great that, to a fair degree of approximation, there can be 
no curvature introduced by the temperature change. Sections that 
were plane before the temperature change must remain plane. This 
means that there must be a linear variation in actual deformation 
across a section. 
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Fic. 10—ILLUSTRATION OF TENSILE AND COMPRESSIVE STRAINS DUE 
TO TEMPERATURE CHANGE 


The procedure in determining vertical stresses, then, is to find 
that particular linear variation in actual deformation which satisfies 
the conditions. And the conditions are that the stresses, which 
result from the difference between actual deformation and deform- 
ation computed from temperature change, must keep the mass in 
equilibrium, both as to vertical loads and as to bending moment. 
The particular linear variation in actual deformation is found by 
trial. If the first trial does not result in stresses that maintain equili- 
brium, successive trials are made. 

An example of the method of determining vertical stresses under 
the simplifying assumption that plane sections remain plane is illus- 
trated in Fig. 10. First, the curve of temperature change is drawn, 
as in the upper part of the figure. Next, the temperature change is 
converted into equivalent deformation by multiplying the temperature 
change by the coefficient of expansion. This results in the curve shown 
in the lower part of the figure. The sloping straight line representing 
actual deformation is then chosen so as (1) to make the positive and 
negative areas between it and the temperature-deformation curve 
equal, and (2) to make the moments of these areas about any point 











514 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March-April 1938 


zero. The strain that represents stress is then measured from the 
temperature-deformation curve to the actual-deformation curve. 
The stress is obtained by multiplying the strain by the “sustained” 
modulus of elasticity for the period of time under consideration. 


This process must be carried on for successive time intervals, as 
yas the process for obtaining horizontal stress, because of the varying 
elasticity of the concrete. At early ages, from one to several days 
seems to be suitable as a time interval, while at later ages, the time 
interval may be several weeks or months. 


Value of thermal stress analysis 


As stated, computations to determine horizontal, thermal stresses 
serve merely as a means of extending test results. Blanks® has shown 
how stresses develop in specimens maintained at constant length 
while passing through a temperature cycle such as might develop in 
mass concrete. He has shown that the type of cement affects the 
amount of temperature drop that can be withstood before cracking 
occurs. For example, he shows that concrete containing low-heat 
cement exhibits sufficient plasticity so that it can be cooled well below 
the casting temperature without cracking. If the analysis of horizontal 
stress is carried on correctly, it should duplicate the results shown by 
Blanks for the particular cases. 


The value of stress analysis is realized when extensions are made 
to show what stresses are likely to develop in other cases, when the 
same concrete is subjected to other temperature cycles. Analysis 
reveals the relatively-high stress that develops from quick cooling 
and shows that stresses differ greatly in various parts of the same 
lift of concrete. If full use is made of analysis, it is believed that 
favorable plans could be selected that would permit many massive 
structures to be cast without cracking. Also, when and if degrees of 
restraint different than 100 per cent are found to prevail, the method 
(modified slightly) can be used to correct the test results. 


The method that has been described above for computing vertical 
stresses reveals only the stresses arising from temperature change. 
When these stresses are added to the effect of load, a more complete 
revelation of the total stress is obtained than is possible otherwise. 
It is believed that the extent to which the tendency of a dam to tilt 
and to open horizontal joints and permit full uplift pressure to act 
cannot be estimated reliably without including the temperature 
stresses. 


5 Blanks, Meissner and Rawhouser ‘‘Cracking in Mass Concrete,” in this JouRNAL. 
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SUMMARY 


It has been shown that favorable temperatures may be expected 
in mass concrete when as many as possible of the following require- 
ments are met: 


1. Low heat cement, 


2. Low cement content, 

3. Low casting temperature, 

4. Shallow lifts, especially near foundation, and 
5. Regularity of casting. 


Also, it has been pointed out that under ordinary conditions, 
cracking would not be expected to originate in the interior of a mass 
unless a construction joint or other weakness existed there. Attention 
is directed to surfaces, especially to formed surfaces, where cracking 
probably originates. If cracking is to be avoided, quick cooling of 
the outer concrete must be prevented and vertical construction 
joints (unless designed to open) should be eliminated. In order to 
prevent quick cooling, the outer concrete may either be prevented 
from hardening at too high a temperature by using non-insulating 
forms, or if insulating forms are used, they should be left in place 
longer than is now common practice. 


Methods of stress analysis have been presented by means of which 
the stresses resulting from temperature changes can be evaluated. 
The methods are far from leading to exact results but they are believed 
to be useful as an aid in choosing plans most likely to cause safe stresses. 
The methods of analysis have purposely been made as simple as 
possible so that they can readily be refined as increasing knowledge 
permits. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by June 1, 1938. For such 
discussion as may develop readers are referred to a Supplement to 
be issued with the JourNau for Sept.-Oct., 1938. 
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Notes on Existing Rigid Frame Bridges in the 
United States* 


By D. H. Pierrat 


MEMBER AMERICAN CONCRETE INSTITUTE 


Various articles describing individual rigid frame bridges have 
appeared from time to time in the engineering journals, but no detailed 
information as to the number and types built has been published 
lately. In this paper an effort has been made to present such data 
in a very concise and general form. This material, together with a 
vast amount of other detailed information, was collected principally 
from state highway departments to make a survey of existing practice, 
in order to expedite the drafting of a committee report on the rigid 
frame bridge. Although replies were received from ninety per cent 
of those to whom inquiries were sent, it must be realized that the 
information is not complete, nor is the classification of bridges accord- 
ing to type entirely reliable. It is believed that the information may 
be of some interest and value to the profession. 


Most of the material collected in the survey which is included in 
these notes is presented in tabular form. Table 1 lists the number of 
rigid frame bridges by states in the years in which they were built, 
beginning with 1922. These bridges have been classified according 
to type in Table 2. Such classification, of course, cannot be very 
exact. Roughly, one-fourth of these bridges have ribbed decks, one- 
seventh are skew bridges and one-tenth are designed with columns 
fixed at their bases. Seventy per cent of the bridges are of single 
span. Data on individual span lengths and total bridge lengths are 





*These notes are presented as a part of the work of Committee 314, Rigid Frame Bridges, of which 
Prof. Hardy Cross is chairman. A more extensive report is in preparation. 


_.tAssistant Professor of Applied Mechanics, Virginia Polytechnic Institute and member Committee 
314, Rigid Frame Bridges. 
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TABLE 1—NUMBER OF KIGID FRAME BRIDGES BUILT IN THE YEAR 
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included in Table 3. It is natural to expect the ribbed type to be 
used for longer spans, but some states seem to use ribbed decks almost 
entirely. 

TABLE 3—SPAN AND BRIDGE LENGTHS 





Individual Span Total Bridge Length 
Slab Ribbed Slab Ribbed 

Minimum— Ft 16 23.5 16 25 
Maximum— Ft 85 103 400* 964** 


~ fhieee enpansion joints. 

**Four Expansion joints. 

Design constants varied considerably, the allowable stress in the 
concrete ranging from 650 to 1275 p.s.i., the allowable stress in the 
steel from 16,000 to 24,000 p.s.i., and the modulus of elasticity for 
the concrete from 2,000,000 to 3,000,000 p.s.i. It might be expected 
that these constants would vary if for no other reason than that this 
survey covered a period (1922-36) which has experienced considerable 
improvement in placing concrete. There is still a wide variation, 
however, for those bridges designed in the last year. In general, an 
H-15 loading was used, but several states, especially those in the more 
densely settle regions, use H-20 truck trains. Two bridges reported 
on were designed for Cooper’s E-65. Both of these were one-track, 
single-span structures with two sidewalks, one being a 42.3-ft. and 
the other a 21-ft. span. Usually stresses due to shrinkage were 
included, the coefficient with one exception being 0.0002. In this 
case a coefficient of .00025 was used. In many cases no effort was 
made to take temperature stresses into account. When these stresses 
were included the usual temperature range was 80° F. varying either 
from —30° to +50° or from —40° to +40°, but one state reported a 
range from —60° to +80° and another from —75° to +75°. One of these 
states had a milder climate than many farther north. In the ribbed 
deck structures, the width of roadway per rib ranged from 4.3 to 12 
feet, there being no apparent reason for this variation. 

In the longer multi-span bridges various methods of providing for 
expansion were employed. The California Highway Department 
reports the use of an intermediate expansion joint, capable of trans- 
mitting shear but no thrust or moment. The joint was usually located 
at about the quarter point and is illustrated in detail in an article by 
Professor Maney on rigid frame bridges.* The location of these 
joints in the span rather than over the piers has the advantage of 
utilizing the stiffness of the columns to reduce the moments in the 
girders. Little trouble was encountered in the analysis by placing 


*See page 519 of reference 1, in appended bibliography. 
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one intermediate expansion joint at the point indicated, for the frames 
were designed by moment distribution and the jointed member in- 
cluded in the regular analysis by using the carry-over and stiffness 
factors for such hinged beams. The same procedure, however, might 
also be used by designers employing some other method of analysis. 


The Arkansas Highway Department employed a pier split above 
its mid-height, each girder from adjacent spans connecting to one of 
the split portions of the pier, to take care of expansion in a six span 
bridge. This detail, however, offers somewhat less resistance to the 
span moment than does the hinge in the span. 

The usual detail of the joint at the base of the piers or abutménts 
consists of a keyed construction joint between the footing and the 
vertical member fastened together with reinforcing bars. Several 
interesting variations of this detail were reported on. In one case 
a split pipe is used as a hinge and in another the reinforcing is crossed. 

The Kansas Highway Department reported very substantial 
savings in cost by designing their box culverts as rigid frames with the 
bottom slab as a part of the structure. They have built single, double, 
triple and quadruple span structures of this type with spans ranging 
from 10 to 18 ft. For the greater heights, such as for an 18 x 18 ft. 
box, wing walls become necessary and the total cost then mounts quite 
high, but is still low enough to justify the use of these rigid frames. 

All of the information accumulated in the survey was analyzed 
with the hope of determining the interrelations of span length, loading, 
cost, dimensions, etc., but the variations in design constants and 
arbitrary choices of dimensions were too erratic for rational correlation. 
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Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by June 1, 1938. For such 
discussion as may develop readers are referred to a Supplement to 
be issued with the JouRNAL for Sept.-Oct., 1938. 
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Discussion of a paper by D. H. Pletta: 


Notes on Existing Rigid Frame Bridges in the 
United States* 


CHARLES 8. WHITNEY T 


The accompanying illustration shows one of two rigid frame bridges 
designed by the writer for A. C. Eschweiler, architect, and built by 
the City of Fergus Falls, Minn., in 1919 and 1920. They are of the 
ribbed deck type with a ninety foot clear span and were designed as 
two hinged arches according to the theory which is still in use. The 
writer knows of no earlier rigid frame bridges of this type. 





Fic. 1—RIGID FRAME BRIDGE, FERGUS FALLS, MINN., 1919-1920, 
DESIGNED BY MR. WHITNEY 


K. HAJNAL-KONYIf 


The maximum spans of rigid frame bridges built in the United 
States up to 1936 were according to Mr. Pletta’s Table 3: For slabs, 

*JourNAL Amer. Concrete Inst., March-April 1938; Proceedings Vol. 34, p. 517. 

tConsulting Engineer, Milwaukee, Wisc 


tConsulting Engineer, London, England 
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85 ft.; for ribbed bridges, 103 ft. The latter limit has been, however, 
considerably exceeded by the bridge described in No. 36 of the author’s 
bibliography, i. e. by the bridge in Lincoln Park, Kenosha, Wisc., 
with a span of 146 ft. A further big increase in span was made in the 
bridge across Ravine in Schmitz Park, Seattle, Washington, which 
has a record span of 175 ft. (No. 34 of the bibliography). Both these 
bridges have a new type of section, they are of the so-called cellular or 
box girder type. 


It may be of interest to give a few data about the development in 
Europe. Here big rigid frame bridges were built long before the period 
referred to in Mr. Pletta’s report. In 1913 a ribbed rigid frame bridge 
was built at Bromberg (then Germany, now Poland) over the river 
Brahe with a clear span of 118 ft. 4 in. (1). In 1915 two rigid frame 
bridges of H section were built in Switzerland with spans of 137 ft. 2 in. 
(at Burgdorf over the river Waldeck and at Lamperswil over the river 
Emme). (2). The use of slab bridges is comparatively new in large 
spans. The largest rigid frame bridge of this description is at Uentrop, 
Germany, over the river Lippe, it has a span of 101 ft. 11 in. and was 
built in 1936. 
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Special rigs speed concreting on circular sewage tanks 

Engineering News-Record, Vol. 120, No. 9, March 3, 1938, pp. 338. Reviewed by 8. J. CHAMBERLIN 
A rotating truss screed was used to strike off the bottom slab concrete to the correct 

pitch and thickness in the new sewage tanks at Buffalo, N. Y. A whirligig chute 

arrangement was used to deposit the concrete in even spiral courses. 


Hawaii builds long rigid frame 


Wiiiiam R. Barres, Engineering News-Record, Vol. 120, No. 4, Jan. 27, 1938, pp. 155-156 
Reviewed by 8. J. CHAMBERLIN 


The concrete rib structure of a 125 ft. span bridge including cantilever side spans 
is described. The supporting structure consists of three ribs of a uniform thickness 
of 2 ft., depths varying from 41% ft. to 9 ft. 


Concrete knowledge and practice 

Engineering News-Record, Vol. 120, No. 10, March 10, 1938, pp. 374-377 Reviewed by R. W. BEAL 
Condensed abstracts of the principal papers presented at the Feb. 22 to 24 meeting 

of the A. C. I. in Chicago are given. Subjects covered are mass concrete heating 

and crack control, tests of columns under eccentric loads, curing compounds, points 

in concrete design beyond code limits, and rigid frame tests. 


New cinema theatres in middle Italy 

GEoRGIO NEUMANN, Beton u. Eisen, Vol. 37, No. 2, p. 25, Jan. 20, 1938 Reviewed by A. U. THEUER 
The principle structural details of two recently completed cinema theatres of 

central Italy are described. One of these in Florence has a seating capacity of 3000 

and hence the largest in Italy. The second, in Siena is characterized principally by 

having been built into a middle-age palace in such a way that the original walls 

remain intact. 


Plotting column steel curves 
James R. Bote, Engineering News-Record, Vol. 120, No. 7, Feb. 17, 1938, pp. 268-269 
Reviewed by R. W. Bear 


The author presents a simple method for preparing curves and tables, in accordance 
with the building regulations code for reinforced concrete adopted in 1936 by the 
A. C. I., for determining the required amount of reinforcing in columns. The method 
requires that a different set of curves must be prepared for each size column and for 
each grade of concrete and steel, but the simple calculations may be readily made by 
inexperienced men. 
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Cotton in roadbuilding 


LAWRENCE Myers, Engineering News-Record, Vol. 120, No. 7, Feb. 17, 1938, pp. 270-272 


Reviewed by R. W. Bear 

Many states recently have been experimenting with cotton mats as an aid in 

curing concrete roads. The mats are placed directly on the fresh concrete and but 

one wetting per day for the three days they are left on the concrete is sufficient for 

the curing process. The mats also afford considerable protection against freezing. 

At present cotton prices the cost of the mats per sq. yd. of pavement cured is con- 
siderably less than 0.4 cents. 


Concrete blocks for jetty head 


Engineering News-Record, Vol. 120, No. 4, Jan. 27, 1938, pp. 139 Reviewed by S. J. CHAMBERLIN 

The United States Engineers have planned to build concrete blocks, within the 
protection of rock barriers, for jetty heads on the structure that protects the entrance 
to the Umpqua River on the Oregon coast. The lower portion of the enrockment 
has been placed to give a compacted foundation for the later construction. The 
concrete structure is to include a large main block flanked on three sides by wing 
blocks. Pouring will begin in one of the sections at low tide and carried up ahead of 
the rising tide. The blocks will be fastened together with heavy chains because of 
settlement and shifting. 


Concrete viaduct tested to destruction 
MERRILL But_er, Engineering News-Record, Vol. 120, No. 7, Feb. 17, 1938, pp. 273-275 
Reviewed by R. W. Brau 


Some interesting observations from an engineering standpoint were made after 
the Riverside Drive concrete viaduct was wrecked by the Elysian Park slide in Los 
Angeles. The structure was subjected to static loads of as high as 4,000 lb. per sq. 
ft. together with large side thrusts and impact loads. The fact that the only visible 
sign of damage to the deck slab was some cracking, indicated a high factor of safety 
for normal highway traffic. One of the most striking facts about the wreckage was 
that the entire structure held together, with no indication of broken reinforcing rods. 
The concrete understructure shattered and the steel unraveled from it. 


Relief sewer ends river pollution 
Tuomas A. BERRIGAN, Engineering News-Record, Vol. 120, No. 4, Jan. 27, 1938, pp. 140-142 
Reviewed by 8S. J. CHAMBERLIN 


The construction features of a sewer in the Aberjona River Valley of Massa- 
chusetts are described. Most of the sewer was constructed by the open cut method, 
but some tunneling was necessary under streets and buildings. The tunnel sections 
were circular, the lower half poured in place and the upper half consisting of centri- 
fugally spun concrete pipe set on top. The space between the liner plates and the 
precast arches was filled with dry concrete tamped in place. On part of the open cut, 
centrifugal spun pipe was used with regular lap type joints with the addition of a 
spun collar placed on the bell end before delivery. 


Progress in structural knowledge 
Henry D. DeweE.t, Engineering News-Record, Vol. 120, No. 6, Feb. 10, 1938, pp. 231-233 
Reviewed by R. W. Bear 


The author presents an over-all picture of the recent developments and probable 
increased future use of reinforced concrete. Theoretical and experimental researches, 
both in America and Europe, concerning such developments as 14,000 p.s.i. 
concrete, prestressed steel, the effect of rust on bond between reinforcing bars and 
the concrete, and an entirely new method of reinforced concrete design from Russia 
suggests great possibilities. Several important structures, recently completed, are 
cited as illustrations of the great forward strides being made with reinforced concrete 
construction. 
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Concrete box-girders of record span 
F. R. EasterpAy, Engineering News-Record, Vol. 120, No. 9, March 3, 1938, pp. 339-342 
Reviewed by 8S. J. CHAMBERLIN 
A low-cost highway bridge on Puget Sound has continuous hollow girders with a 
central span of 190 ft. and side spans of 140 ft. Expansion joints at each end of the 
100 ft. mid-section separate the middle section from the remainder of the structure. 
The box girder, 15 ft. wide and 7 ft. deep at the crown increasing to 14 ft. at the piers, 
has three webs. A construction trestle alongside the bridge carried the track for a 
long boom crane and the mixer. The mixer discharged into the crane bucket, and 
the crane bucket discharged into the hopper of the tremie for the footings. The 
Washington State Highway Department requested a loading test at roadway joints. 
Dead loads totaling twice the design loads were placed to check on the shear in the 
webs. Extensometer readings were taken, and the design proven satisfactory. 


Improving lock and dam concrete 
Joun L. RonweppeEr, Engineering News-Record, Vol. 120, No. 7, Feb. 17, 1938, pp. 362-364 
Reviewed by R. W. Brau 
U.S. Army Engineers in the Rock Island, IIl., district have made extensive studies 
of air bubbles, sand streaking and water gain, workability, and curing temperatures 
in concretes. It was found that surface air bubbles were held to a minimum by 
thorough vibration as close to the form as possible and without spading, with the 
duration of vibration varied to suit the mix. Forms of steel, oiled wood, ete. which 
are impervious to air and water resulted in more bubbles than ordinary wood forms. 
Sand streaking and water gain decreased definitely as cement fineness increased. 
The best results in workability, strength, and economy of cement were obtained with 
a uniform, well-balanced gradation of aggregate. It was found that there was not a 
definite setting for small sized specimens placed in water at a temperature of 32 
deg. until after 24 hours. Curves are given showing the effect of different curing 
temperatures. 


Use of cements and concrete in sea water 


P. Dumesnit, La Revue Des Materiaux de Construction et de Travaux Publics, No. 336 to 339, inclusive, 
Sept. to Dec., 1937 Reviewed by P. H. Bates 


The author presents a series of articles on types of cement giving the best service 
in sea water; goes into the causes of this disintegration, the requirements of different 
countries for sea water cements, the characteristics of the different cements that may 
be used, the quality of concrete for sea water purposes, (aside from the question of 
the nature of the cement) use of finely ground admixtures, and the application of 
Freyssinset’s suggestion of the use of pressure at elevated temperatures during 
hardening. He concludes the series of papers with a description of recent con- 
struction in concrete at the Port of Rochelle. 

This should be of interest to American readers in view of the fact that the author 
covers the characteristics and value of the various cements used in France in sea 
water construction. These modulus hydraulic limes, and various cements—pozzolan, 
Roman, portland pozzolan (various types), portland slag (of various types), high 
alumina, and Grappier (portland cements low in iron and alumina). 


German experiences with pump-placed concrete 
T. von Rorue, Beton u. Eisen, Vol. 36 and 37, Nos. 24 and 1, pp. 386 and 12 (1937-38) 
Reviewed by A. U. THEvER 


The development of pump placed concrete is traced through three distinct stages 
beginning with the pioneering ideas of Giese and Hell in 1930 and on through its 
current widespread adoption in Germany. Two types of pumps, the Torcrete and 
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Kaiser are described and illustrated. Capacities and performances of different 
models of these two types of pumps are given. By means of tables, aggregate grad- 
ings, and workability figures are analyzed and compared with American practice. 
Simplicity and compactness of layout on the construction site is the principal ad- 
vantage set forth for this method of concrete placement. A number of particularized 
advantages are described in connection with individual structures (submerged 
foundations, quay walls, crossing structures, etc.) where the method was successfully 
used. The maximum length of pipe line, to date, is stated to be 775 ft. and the 
maximum lift 150 ft. The largest single structure required the placing of 180,000 
cu. yds. of concrete. The life of delivery pipe is stated to be from 40 to 50 thousand 
cu. yds. A list of structures in which the method was used with success is given. 


Reflecting curb design studies 


F. J. Grom, California Highway and Pubiic Works Magazine, December, 1937, pp. 8, 27 
Hicgoway ReskaARCH ABSTRACTS 


Studies have been made of curb design in an endeavor to improve visibility and 
effectiveness at night or during adverse weather conditions. Curb sections were 
constructed with various dimensions, slope batters, face designs and paint combi- 
nations. The best results for visibility under all driving conditions were obtained by 
making small recesses in the face of the conventional curb. Direct comparison 
clearly demonstrated that reflecting facets designed to proper depth and angle 
produced an effect markedly superior to other curbs when viewed under rays of 
automobile headlights. Additional benefit was derived by painting the reflecting 
plane with white paint. This was improved by impregnating the paint with glass 
beads. 

Two types of recess forms which appeared to be most effective have been adopted 
for construction: First, a simple type of wedge-shaped indentation is most suitable 
for center dividing strips where traffic movement approximately parallels the curbs; 
second, a block type with all faces of the recess sloped to reflect light is more effective 
for. intersection islands and curb returns, where headlights are directed against 
them at more abrupt angles. 


The activity of the German Concrete Institute during 1936 


D. BorNEMAN, Report of the 40th convention of the German Concrete Institute, March 3-5, 1937, 
p. 76-101 Reviewed by INGE Lyst 


Of special interest in this report is the statement that it became necessary in the 
Fall of 1936 to find some way to decrease the amount of reinforcement in reinforced 
concrete structures and that a recommendation for an increase in the permissible 
working stresses in the reinforcement resulted. However, the use of permissible 
stresses in excess of 17,000 p.s.i. is limited to concrete made with graded aggregates. 
The maximum permitted steel stresses are 20,000 p.s.i. for ordinary steel and 28,500 
p.s.i. for high yield-point steel in slabs of more than 4 in. thickness. For beams the 
maximum stress in high yield-point steel is 25,500 p.s.i. The concrete strength 
required for the high steel stresses is 3200 p.s.i. 

A discussion of prestressed concrete construction is then presented. Particular 
attention is given to the so-called Dischinger method. The method involves the 
prestressing of the reinforcement by means of hydraulic jacks after the concrete 
has hardened. Thus compression is produced in the concrete and tension in the 
reinforcement. The decrease in steel and concrete stresses because of shrinkage 
and plastic flow is taken care of by repeated prestressing. By this prestressing the 
whole section is in compression even under full load. The full concrete section is 
thus effective in flexure. However, very high stresses are present in the reinforcement. 
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The hingeless parabolic arch 
R. J. Connisu, The Structural Engineer, Dec. 1937, p. 509 Reviewed by N. H. Roy 

An exact solution of the elastic equations for a hingeless parabolic arch is given 
by the author. Equations are written for bending moment, horizontal thrust and 
shear, applicable to any form of arch, concentrated or uniform loads, by considering 
the strain energy due to bending and direct thrust. 

The author applies the general equations to an arch of parabolic form, evaluates 
the basic integrals and illustrates their use by a partial design of a reinforced concrete 
arch. 

It is pointed out that the usual approximate method of arch design may in general, 
be sufficiently exact, but errors may not always be compensating. 

The equations, their solutions, and use may appear rather formidable to the casual 
reader. However, it would appear that with the proper tables available and a trial 
or two, this exact method might prove to be equally as desirable as the approximate 
method for preliminary designs and certainly offers a check on final design. 

Tables of logarithmic and hyperbolic functions are necessary. Tables of hyper- 
bolic functions are not as readily available to designers as are those of logarithmic 
functions. This factor however should not preclude the use of this method. 

The author is to be commended for a splendid contribution to the field of design 
of arches. 


Researches at laboratories du Batiment et Des Travaux 
Publics 


Annales de L’ Institut Technique du Batiment et des Travaux Publics, Nov.-Dec. 1937 
Reviewed by P. H. Bates 


This number of the Annales is given over almost entirely to a review in the form 
of abstracts of researches which have been carried out during 1937 at the Laboratoires 
du Batiment et Des Travaux Publics. The titles given are: ‘‘A Contribution to 
the Study of Contraction of Cement;’” ““A New Type of Test Piece for Determining 
the Tensile, Compressive, and Tortional Strength of Concrete; ‘‘Researches on 
the Action of Concentrated Loads on Slags and Massive Concrete;”’ “Studies of the 
Thermal Reaction of Cements;’’ 
Setting of Cement.” 

Each of these subjects is covered very briefly, but at the same time sufficient 
information is given to enable the reader to appreciate the results of the tests. Certain 
of the work covers research which has advanced to a considerable degree in the United 
States, and the abstracts would not be of much value to readers in the United States. 

The work done on a new type of test piece is of interest in that a mold for making 
cylinders with expanded ends is used for the making of all three types of test pieces. 


“Research on the Influence of Pressure on the 


One of the apparent striking conclusions from the study of effects of pressure from 
the time of set is that when between 5 per cent and 8 per cent of water is used the 
final strength is independent of the quantity. 


Siliceous hydraulic limes low in alumina 


R. Sreinmetz, La Revue des Materiaux de Construction et de Travaux Publics, No. 340, Jan. 1938 
Reviewed by P. H. Bates 


The author takes exception to LeChatelier-Ansett’s method of testing cements to 
determine their resistance to sulphate waters, particularly magnesium sulphate 
waters. According to this method, a paste of neat cement after setting is reground 
and mixed with 50 per cent of its weight of plaster of Paris. This is then remixed with 
water placed in an atmosphere saturated with moisture and the swelling noted after 
various periods. The test proposed by the author, notes the disintegration of mortar 
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cubes of the cements in question when placed in solutions of magnesium sulphate 
out of contact with air in order to remove the effect of carbonic acid. As a result of 
his studies he finds that siliceous hydraulic limes containing less than 2 per cent of 
alumina give far better results than siliceous portland cements, standard portland 
cements, and special Eisen portland cements. In the course of his work the author 
determined the amounts of lime set free during the hardening of the cement, and 
although the siliceous hydraulic limes liberated almost 18 per cent, which is double 
the quantity liberated by any of the other cements, these siliceous hydraulic limes 
withstood the action of the sulphate in the form of the cubes far better than any of 
the other cements. According to LeChatelier and Ansett, the hydraulic limes were 
the poorest. The author concludes that the resisting qualities are due to the low 
alumina content and in no way connected with the amount of lime set free during 
hardening. 


Construction principles for concrete pavements 


Rvupotr Dirrricu, Die Betonstrasse, Vol. 12, No. 11 and 12, Nov. and Dec. 1937 
Reviewed by INGE LysE 


With the rapid development of concrete pavement construction for the German 
Reichautobahnen new methods of concrete making were found of advantage so 
that new specifications were issued at regular intervals, the most recent one being 
of July 1937. Advantage is taken from the experiences gained in past years and the 
aim is to issue new specifications whenever the conditions warrant changes. The 
paper presents the specifications as directions for different pavement conditions 
with discussion of the principles involved. At first the paper used as the base for 
the pavement is treated. The quality of the paper as well as the method of placing 
is specified. Examples of incorrect methods are given. Spacing of joints and dowel 
arrangements are discussed at some length and examples of incorrect as well as 
correct methods illustrated. The gradation curves for fine and combined aggregates 
are shown for several of the specifications and the water content in the concrete 
mix is discussed at length. The importance of uniformity of the concrete is empha- 
sized and directions given for proper mixing, placing and curing. The cement content 
shall not be less than about 51% sacks and in general not more than 61% sacks per 
cubic yard. The strength of the concrete in the pavement is taken at 7 days for 
high early strength cement and at 28 days for standard portland cement, the com- 
pressive strength requirements being 3500 p.s.i. with a minimum of 2800 p.s.i. at 
7 days and 4500 and 3500 p.s.i. at 28 days. The corresponding average minimum 
flexural strengths are 400 and 500 p.s.i. for high early and portland cements respect- 
ively. 


Effect of moisture content on strength of mortar 


Iowa State Highway Commission, Highway Research Census—41.2415. 
HicgHwayY RESEARCH ABSTRACTS 


This project involved the fabrication and testing of 2 by 2 by 14-in. mortar beams, 
using two proportions and two water contents. In one series the specimens were 
tested at room temperature with the moisture content, as tested, at 110, 105, 100, 
90, 80, 70, 60 and 50 per cent of the original water content. In another series the 
specimens were tested in a saturated condition and at 70 and 50 per cent of the 
original moisture. In this series of tests the temperature of the specimens was 100, 
70, 40, 28 and 20 degrees F. In still another series the water content was reduced to 
85 and to 70 per cent of the original water, and the moisture remaining in the speci- 
mens was not permitted to equalize. 
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In the series where the specimens were tested at water contents ranging from 50 
to 110 per cent of the original water, and the moisture remaining in the specimens 
allowed to equalize, there was no marked difference in strength for water contents 
between 70 and 110 percent. In general both the transverse and compressive strength 
of the mortar were increased when the moisture content was reduced to 60 and 50 
per cent of the original. Results in some cases, especially for the wetter mixes, were 
somewhat erratic. 

In that series of tests in which the temperature was reduced to 20° F. there was an 
increase in strength of almost 100 per cent when the specimens were tested saturated. 
There was some increase in strength when the specimens were tested at 28° F. When 
the specimens were dried to 70 and 50 per cent of the original water content, there 
was little increase in strength at the lower temperatures. 

Regarding tests with an unequal distribution of water: (1) Specimens dried to 
85 per cent of the original water content showed a large decrease in flexural strength 
when the moisture within the specimens was not allowed to equalize; (2) Specimens 
dried to constant weight and soaked to 70 per cent of the original moisture content 
showed a greater strength when tested immediately than when allowed to equalize 
for 48 hours. 


Construction and application of prestressed concrete 


K. Lenk, Report of the 40th Convention of the German Concrete Institute, March 3-5, 1937, p. 376-406, 
Reviewed by Ince LyseE 


By prestressed concrete is meant a concrete which is compressed by tension in the 
reinforcement. Attempts at prestressing were made in 1907 by Lund and Koenen 
in Germany. However, experiments by C. Bach showed that although the cracks 
in prestressed reinforced concrete beams were delayed they were not eliminated. 
The shrinkage of the concrete reduced the prestressing to such a degree that its 
effectiveness was slight. In these early attempts reinforcement with yield-point 
stress of 44,000 p.s.i. was prestressed to 8500 p.s.i. The experimental results were 
so discouraging that no further development of the prestressing idea occurred. The 
realization of plastic flow in concrete made the prestressing problem still more 
doubtful. 

However, Freyssinet has recently shown that the ideas of Lund and Koenen may 
well be of structural and economic significance in reinforced concrete construction. 
He makes use of the most advanced development in the production of a high grade 
concrete of low shrinkage and plastic flow. By the use of reinforcement of very high 
strength the prestressing of the steel may be increased to a point where the reduction 
because of shrinkage and plastic flow is insignificant. Both longitudinal and diagonal 
tension reinforcement may be prestressed so that the full advantage may be taken 
of the compressive strength of the concrete. Thus we have the whole concrete section 
contributing to the load carrying capacity of the prestressed member. 

A discussion is then presented of the advantages of a concrete which is always in 
compression under working loads, such as the elimination of hair cracks and the 
resulting increased durability. The reinforcement used by Freyssinet has a yield- 
point stress of from 100,000 to 115,000 p.s.i. and is prestressed to 78,000 p.s.i. The 
decrease in prestressing because of shrinkage and plastic flow is estimated at about 
21,000 p.s.i. so that a net prestress of 57,000 p.s.i. is present under ordinary working 
conditions. The concrete is made with well-graded aggregates and ordinary port- 
land cement, the cement content being about nine sacks per cubic yard. A discussion 
of Freyssinet’s hypothesis of the makeup and quality determining factors of concrete 
is also presented. 
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The reinforcement is prestressed before being incorporated in concrete. As reaction 
for this prestressing, special beams or rigid forms may serve. Concrete and steel 
may also be prestressed simultaneously or the concrete first and steel thereafter. 
A description is also given of prestressing of spiral reinforcement. Only small size 
reinforcement should be used in prestressed members, particularly because of the 
higher bond values. 


A detailed account is given of the construction of an experimental girder of an 
I-shaped cross section, and a number of photographs shown of different applications 
of the Freyssinet prestressing method. 


Moment Equations—a method of analysis for continuous 

beams and rigid frames 

ALFRED JENSEN, Bulletin 92 Engineering Experiment Station, University of Washington, Seattle 

AUTHOR’S SYNOPSIS 

In this paper, the writer presents a method of analysis for continuous beams and 

rigid frames with members of constant section in which the various steps, exact and 

final, make possible the visualization of the physical behavior of a rigid frame under 

the action of loads. 


By this method, the rigidity of the structure, based upon the elastic relations 
of the members, is first determined, entirely apart from the effects produced by loads. 
This eliminates the necessity of solving a number of simultaneous equations, usually 
varying from one and one-half to two times the number of members in the frame, 
and leaves the method one of simple arithmetical substitution in the Moment 
Equations. Because of this feature, the moments due to various combinations of 
loads upon the structure may easily be found, once the rigidity has been computed. 


Partial restraint at the outer end of an end-member— inadequately accounted 
for, if at all, in most other methods of analysis—is here handled as easily as the 
condition of free or of fixed end. In order that results obtained by this method 
may readily be checked, in problems where partial restraint occurs, the writer has 
suggested means of adapting other methods to the solution of such problems. 


Briefly, the method is not one of pure mathematical derivation, but is based on 
the fundamental idea that the ends of the members framing into a joint will restrain 
rotation of the joint in direct proportion to the relative ability of each to do so. This 
restraining ability of the end of a member—herein called restraint—is readily 
computed and represents the actual resisting moment due to a unit rotating moment 
applied at the joint. 


These restraints, in members of constant section in rectangular rigid frames of 
the usual type, have been summed up in a number of equations which then give the 
final bending moment at the end of any member due to unit rotating moments 
acting at any or all joints in such a structure. The method is based on Moment 
Distribution and is in effect Moment Distribution in equation form with some 
additions and extensions. 


A chapter on procedure in the application of the method has been added, together 
with a considerable number of illustrative problems. Frequent references to these 
should enable the designer readily to become acquainted with the use of the method. 
In all illustrations, the general equations used have been stated, and the number of 
each equation used has also been given. Since all moments in the illustrative prob- 
lems are in kip-feet, these units have been omitted in the computations. 
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Machines and methods for canal construction, 
Colorado River Aqueduct 


W. L. Cuapwick and G. E. Arcuipap, Civil Engineering, Vol. 8, No. 2, Feb. 1938, p. 104 
Reviewed by J. R. SHANK 


} The placement of the concrete lining of the Colorado River aqueduct was facilitated 
by specially constructed traveling bridges spanning between steel track rails on the 
beams on the two sides of the canal. The mixing plant was carried along on the 
permanent roadway, a part of the canal construction, on one side of the canal. 

The several bridges were of similar construction. A bridge designed by C. W. 
Wood consisted of two trusses 9 ft. center to center on the top of which was a 19 ft. 
deck running the full width (61 ft. 6 in.) between rails. Near the center, on the 
deck, between the trusses was a transverse track carrying a distribution car running 
over an opening between the track rails, which extended the full width of the pave- 
ment from top to top of side slopes. From this opening a plate slide was designed to 
carry concrete bottom-dumped from the distributor car, to a long hopper just above 
the canal lining. A stiffened one-half inch plate nearly horizontal (longitudinally) 
at the bottom of the hopper, front end bent up, served as a leading edge and form 
plate for placing the concrete. In front of the hopper just under the front truss a 
bent skirt plate served as a dam so that the hopper could be kept full at all times. 
The form plate had its back edge one inch lower than the leading edge so that a 
pressure could be exerted on the newly placed concrete as the bridge advanced. 
At the extreme back of the bridge a platform was provided for the finishers. 

The concrete used contained from 1.15 to 2.25 bbl. of cement per cu. yd. and was 
good for a strength of 2500 p.s.i. at 28 days. The concrete was batched to the mixer 
from batching plants as much as 1014 miles away. Vibrators were used, in some cases, 
externally on the form plate, and in others, internally in the form of a tube in the 
hopper. The vibrators were more important for moving the concrete than for plac- 
ing it. The speed of the vibrators was 2500 r.p.m.; faster speeds tended to float 
the bridge. The speed was approximately one foot per minute or 1900 feet per week. 
Finishing was in three stages: corrections of imperfections and rough finishing 
immediately behind the paver bridge, second, with steel fresno trowels after some 
set had occurred, and finally, at the limit of workability; all of which produced a hard 
and dense wearing surface. 
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Curing was done by means of a coal-tar-pitch cut-back composed of 75 per cent 
refined coal-tar pitch thinned to a sprayable consistency by 25 per cent of coal-tar 
naphtha solvent. It was applied as a spray in two coats, the first between sundown 
and 11:00 p.m. and the second 4 to 6 hours later. Two coats of white-wash, consisting 
of 65 per cent calcium and magnesium oxides, 17 to 20 per cent anhydrous calcium 
chloride, and not less than 1.6 per cent calcium stearate were sprayed on within 
three hours after sunrise. 


The bond resistance of plain bars in comparison 
with deformed bars 
F. Empercer, Beton u. Eisen, Vol. 37, No. 2, p. 31 (Jan. 20, 1938 Reviewed by A. U. THeverR 
The author points out that since the time of Bauschinger, the common method of 
4 determining adhesion between steel and concrete is to measure the force required to 
withdraw a steel bar embedded in concrete. The force so measured divided by the 
surface area of the embedded portion of the bar is what is commonly termed bond 
(stress). The application of this conception when applied to beams is shown to 
have definite limitations. The steel in beams is so placed that direct pullout is 
impossible and further it is the phenomena preceding pull-out that is critical in 
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the case of most beam tests. Slip commencing at the cracks proceeds progres- 
sively towards the anchorages where it usually stops. The problem of cracking is 
prominently brought forward in comparisons of plain and deformed bars. 

The author states that if sufficiently fine measurements are made a simple tension 
test is all that is necessary to clarify the phenomena that precede complete bond 
failure and to describe the differences between plain and deformed bars. Specimens 
35 cms. long were cut out of full-sized beams for these tests. The concrete had a 
compressive strength of 160 kg/cm*. A 0.1 mm displacement of the concrete surround- 
ing the top of the bar was taken to indicate the point at which a measurable slip 
commenced. A 0.05 mm displacement of the free end of the bar was assumed to be 
the point where complete independence of concrete and steel is established, or the 
point where the plastic give of the concrete is overcome. Between these two limits 
the movement of the bar is assumed to lie inside the specimen without the occurrence 
of slip and to result in the maximum adhesion that it is possible to develop between 
two adjacent cracks in a beam. 

By means of a diagram the results of tests carried out both with plain and deformed 
(Isteg) bars are illustrated. The mean value of the bond strengths of the two mater- 
ials as defined above were found to be 28.6 kg/cm? for plain bars and 36.1 kg/cm? for 
the deformed bars. The much greater uniformity and reliability of the results 
obtained with deformed bars is stressed by the author at this point. The number of 
tests completed, however, are considered too few to permit final evaluations of thes 
quantities. 

The influence of different concrete strengths is stated to be small in comparison 
with the influence of different cements. Especially surprising, it is stated, are the 
very small differences in the stress phenomena at low stresses. It is only in the region 
of plastic flow that the differences between the two types of bars become marked. 
A difference in the elastic recoveries and an increase in plastic deformations with 
repeated loads are further discussed. 

The author states in conclusion that the same method of bond stress calculation 
cannot be applied to these two different types of bars. A more complete report of 
these tests is promised for the future. 


The elastic and plastic range in reinforced concrete 
R. Saricer, Report of the 40th Convention of the German Concrete Institute, March 3-5, 1937 
Reviewed by INGE Lys: 


Professor Saliger should be given much credit to have brought the question of 
the elimination of the n value in reinforced concrete design before the engineering 
profession. In this paper he first reviews the standard method of design by using n. 
He points out that the modulus of elasticity of concrete changes not only with the 
quality of the concrete but also with the stress in the concrete and with the amount 
of plastic flow of concrete. This has led to the elimination of the n value in the 
design of reinforced concrete columns. Recent specifications utilize the so-called 
addition law for the design of columns, the ultimate load carrying capacity of the 
column with a proper factor of safety being the basis of design. Attempts have also 
been made to eliminate the n value in flexural design. The different methods are 
described briefly. 

1. Mr. Steuermann assumes a triangular (straight line) distribution of the com- 
pressive stresses in the concrete up to a fiber stress equal to the compressive strength 
of the concrete. The steel stress at failure is assumed equal to its yield point. In 
addition a tension stress in the concrete equal to ten per cent of the compressive 
strength is assumed to act with triangular distribution from neutral axis to center 
of gravity of steel. The design is here based on ultimate load carrying capacity. 
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2. Mr. Gebauer applies parabolic and rectangular stress distribution in the concrete 
at time of failure, the fiber stress being equal to the compressive strength of the 
concrete at time of failure. The tension stress of ten per cent of the compressive 
strength of the concrete is thought of as a shrinkage stress with its center of gravity 
acting at the center of the reinforcement. 

3. Professor Melan and Dr. Emperger propose a combination of triangular and 
rectangular stress distribution with maintenance of the n value for the triangular 
portion. 

4. Mr. Stiissi assumes that the stress distribution is in accordance with the 
stress-strain diagram of the concrete and that the failure occurs when the strength 
of the concrete is reached, and 

5. Mr. Bittner assumes the stress distribution to be composed of a rectangular 
shape next to the extreme fiber and a parabolic shape near the neutral axis. The 
steel is stressed to the yield point at time of failure. 

Professor Saliger points out that all reinforced concrete beams of ordinary design 
fail due to crushing of the concrete. The stress-strain diagram for concrete is pre- 
sented as having a maximum stress value at a strain considerably less than the 
strain at failure. The stress distribution at failure of a beam is constructed on the 
basis of this stress-strain diagram. The total compressive force at failure is thus 
k.f’.b.a where b is width of beam and a distance from extreme fiber to neutral axis. 
The value for k is given as 0.85. The stress in the reinforcement at failure is con- 
sidered somewhat above the yield point of the steel because of variation between 
cracks. Professor Saliger proceeds to evaluate this excess steel value which decreases 
with increased percentage of steel. Detailed discussion is given of the various factors 
which contribute to the strength of reinforced concrete beams and numerous illus- 
trations are presented. 


Early treatment of concrete slabs to prevent shrinkage 
cracks 
F. V. Reacet, Missouri State Highway Department. Higuway Restarcn ABSTRACTS 

Observation of transverse cracking in concrete pavements shows a distinct re! \tion- 
ship between cracking frequency and early shrinkage. Stresses in the pavement due 
to temperature and moisture changes can easily be accommodated by the concrete 
alone, even in fairly long pavement slabs, provided the concrete has been protected 
against the formation of shrinkage cracks before mature strength has been reached. 
The process of stress-curing is being developed for this purpose. 

Stress-curing consists in subjecting the hardening concrete to compressive stresses 
which overcome the normal tension stresses due to shrinkage and surface drying. 
This process takes advantage of the fact that concrete is stronger in compression 
than tension, even at very early ages. Under pressure the slabs contract several times 
the amount of unaided shrinkage and the concrete is actually consolidated. This 
consolidation is facilitated by the low elastic modulus of the hardening concrete. 
Compression must at no time exceed the rapidly increasing strength of the pavement, 
a guide to the rate of increase of the pressure being provided in practice by a few 
small test specimens crushed on the job at one or two-hour intervals. 

Compression is introduced at the narrow transverse joints by means of flexible 
pneumatic cells filling the joints and exerting uniform pressure over the cross section 
of the pavement. After completed stress-curing, the cells are removed for reuse. 
Preliminary laboratory specimens stress-cured one week, tested at 28 days, showed 
that the concrete so treated was not impaired, but that its strength increased slightly. 
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Through the cooperation of the Missouri State Highway Department an oppor- 
tunity was provided to submit this construction method to a practical trial. A 
sidewalk 282 ft. long, 314 ft. wide and 4 in. thick was constructed as four monolithic 
slabs, two 80 ft. in length and one at each end 65 ft. and 57 ft. respectively. The 
concrete was not reinforced and no dowels were used at the joints. Pressure was 
applied at the three intermediate joints by means of pressure cells inserted flat into 
the joints then inflated to contact and press against the concrete. The pressure in 
the central joint was highest and reached a maximum of 150 p.s. i. during 
curing. 

The pressure was increased with the increasing strength as established in the 
supplementary crushing tests. These showed a substantially linear change in the 
strength of the hardening concrete at the rate of 16 p.s.i. per hour from zero 
at three hours. The major increase in stress-cure pressure took place during the 
first 12 hours of age and was accompanied by a considerable widening of the joints. 
That this movement spread proportionately throughout the mass was shown by dial 
indicators placed over the 65-foot end slab at various distances from the stress-cured 
joint. Twelve feet from the joint the movement was 40 per cent and thirty-six feet 
away 12 per cent of the movement at the joint during the first night. 

The slabs have been under constant observation since construction, October 12, 
1936, and at the age of 13 months there was no evidence of cracking in any of them. 
There was no substantial shrinkage or growth of the slabs. The major changes in 
length corrected for temperature are due to the uncertain average temperature of 
the concrete, measured in an open well about 114 in. below the surface, and to apparent 
moisture changes. 


Traffic vibrations and their influence on reinforced 
concrete structures 
R. Artano, Le Sirade, 1937, 19 (7) 373-8. Road Abstracts. London. Highway Researcu ABSTRACTS 

Six beams were cast from the same mix consisting of portland cement, sand and 
gravel in proportions commonly used for large buildings where machinery is used. 
Three were mounted in a museum building where almost complete freedom from 
vibration was verified by seismograph records. The remaining beams were similarly 
mounted in a building where heavy industrial machinery was in use at least 8 hours 
aday. Both sets of beams were supported on a steel framework attached to the floor, 
and a 550 lb. load was applied centrally. The corresponding stress was about 1,000 
p.s.i. on the concrete and 74 tons per sq. in. on the reinforcement, constituting a test 
of endurance as well as resistance to vibratory stresses. 

Seismograph records were obtained on the vertical and on both horizontal com- 
ponents of the vibrations measured on the floor on which the beams were supported. 
Frequencies were of the order of 40 to 70 Hortz, the number of oscillations completed 
in two seconds thus being approximately equal to those of a passing vehicle. Maxi- 
mum amplitude for the various components varied from 0.01 to 0.05 mm., and was 
thus of the same order as traffic vibrations. It may therefore be assumed that in 8 
working hours the samples were exposed to vibrations greater in both number and 
intensity than those which would be produced by 14,400 vehicles. 

In. another part of the building work was carried on in several shifts, vibrations 
consequently being continued over a much longer period. It was considered that 
each year of exposure was equivalent to 10 years of service in an ordinary structure 
exposed to heavy traffic vibrations only. 

The beams were removed from the industrial building after test periods of 15.5, 
28 and 49 months, and from the non-vibrated building after test periods of 19, 29 
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and 49 months. Test pieces cut from the center of the beams were used for com- 
pression and bending tests, and for tensile tests in the case of reinforcement. Results 
show considerable variation. The amount of deformation observed in the steel was 
very small, as was to be expected, since the maximum vibrating stress was less than 
3 per cent of the ultimate breaking load. The elongations varied considerably, 
which may be attributed to the fact that the steel was not normalized before use. 
Photo-micrographs (transverse sections) revealed poor quality in the ordinary 
structure of mild steels. 

Compressive strengths of the concrete in the beams not subjected to vibrations 
were 2,475, 3,114, and 3,400 p.s.i. at 18, 29 and 49 months respectively, the initial 
strength of a separately cast specimen being 1,900 p.s.i. Strengths of the 
samples subject to vibration were 2,790, 3,200, and 2,560 lb. at 19, 29 and 49 months. 
This decrease was associated with some internal cracking, the aggregate having 
become partially detached from the matrix, while in one case the reinforcement 
became exposed. Surface cracking was most noticeable in the vibrated beams and 
especially in the 49-months’ sample, but such cracking was observed in all samples, 
whether vibrated or not. 

The influence of vibration was most clearly shown during preparation of bending 
(beam-tensile) test pieces; in the beam which had been subjected to vibration for 
49 months the material close to the point of loading proved brittle, and only two 
test specimens could be completed instead of the usual four. The beam-tensile 
strengths (of four specimens) of the non-vibrated samples at 19, 29 and 49 months 
were respectively 740, 650, and 1,450 p.s.i. Except in the case of the 19- 
months specimens there was little difference between individual specimens of the 
three groups. Corresponding strengths of the vibrated material were: at 19 months, 
about 557 p.s.i. (three specimens) and 690 lb. for the remaining sample; at 29 months 
(three specimens only) 753 lb. in two cases and 1,038 lb. in the third sample; at 49 
months (two specimens only) 838 p.s.i. The bond between the concrete and the 
reinforcement was found to be much weaker in the vibrated samples. 

The general conclusion is that the strength of structural reinforced concrete is 
not likely to be influenced to an appreciable extent by vibrations such as produced 
by ordinary traffic. 


Ceiling heating systems—use of water pipes as reinforcement 
in concrete slabs 
Max Branot, Beton u. Eisen, Vol. 36, No. 23, p. 369 (Dec. 5, 1937 teviewed by A. U. THEever 

The article deals principally with the physiological principles and engineering 
problems involved in the design of a heating system that will be conduciveato human 
comfort. Only secondarily does it deal with the statics of concrete slabs, in which 
conduits, carrying hot water and serving as heating units, are substituted in part for 
reinforcing bars, with resulting economy of materials. In view of the considerable 
adoption of integral ceiling radiator heating systems in Europe, as reported, and the 
implication to concrete building in general, interest is attached to this article as a 
whole. 

Dealing with physiological principles the following statements are made. Heat 
losses from the human body at rest should approximate 50 per cent by radiation, 
35 per cent by convection and 23 per cent by evaporation. For comfort this ratio 
must not be greatly disturbed. Air temperature measurements in an inclosed space 
give little information concerning comfort. The human body is more sensitive to 
the temperature of surrounding solid bodies than to air temperatures. When the 
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ratio of heat loss by radiation becomes too high a feeling of tiredness follows almost 
instantly, and sultriness can be felt without eliminating the chill due to some proxi- 
mate cold surface. 

The use of air as the medium of heat transfer, it is pointed out, is the cause of a 
whole train of evils in conventional heating systems. Air is a poor conductor of heat. 
This implies a high energy system with limited radiator space. (Water temperature 
usually above 40°C.) The air is then heated to such a degree that excessive dehumidi- 
fying takes place, requiring frequent window opening to let in “fresh air.” Dust 
particles lodging on hot radiators are dried out to such a degree that they are easily 
carried off by the convection currents giving rise to odors. Smudging of ceilings 
follows naturally. 

Incorporation of radiators in the ceilings affords, according to this author, a means 
of eliminating most of these weaknesses of conventional heating systems. Concrete 
is a good conductor of heat. The area available for radiators is sufficiently large so 
that direct radiation from the ceiling and those parts of the walls heated by direct 
contact may be depended on to do the rest. Water temperatures in the system may 
thus be kept below 30° C and air temperatures in the inclosed space may be lowered 
several degrees below that generally assumed to be necessary for comfort. The hot 
air that accumulates under the ceiling remains static and acts as a blanket for the 
layers of air underneath, which consequently are not dehumidified greatly. From 
observations of actual installations the author states floor temperatures remain from 
11% to 2°C above the air temperatures at height of 3 feet. 

The corrosion problem, both internal and external, is discussed. Possibility of 
trouble from this source is minimized by the author. Cracking of surface finishes over 
ceilings is stated to offer no greater problem than that currently experienced. Mater- 
ial requirements of pipe suitable for embedment in concrete are listed. For the 
statics involved in using pipe as reinforcement the reader is referred to studies made 
by the E. T. H., Zurich, Switzerland, and the T. H., Prag. CSR. The system as a 
whole is said to offer equally great advantages as a means of cooling buildings. For 
practical experiences in this respect the reader is referred to studies made at La 
Paternelle, in Paris. 

Large economies in total weight of steel are claimed for this system of heating 
even when no compensation is made for its action as reinforcement. That the 
economy of steel is real the argument is used that the greatest development of this 
system of heating has taken place in Holland and Switzerland, both steel importing 
nations. 

Tables showing the total number of installations in Europe, classified both accord- 
ing to type of building and climatic zone, are given. Some 500 installations prior 
to 1935 and some additional 100 installations during 1937 are ascribed to Frances 
where a number of buildings with floor areas in excess of 16,000 m? are named. 


Influence of anchorage on tensile reinforcement 
F. EmperGcer, Beton u. Eisen, Vol. 36, No. 21, p. 340, Nov. 5, 1937 Reviewed by A. U. Toever 


The author discusses bond stresses in reinforced concrete beams. The empirical 


V , V ; 
formulas u = - (Eq. 1) and v = - used in design are stated to agree with 
“~o jd b+ jd 


observation only to the point where the adhesion between the steel and concrete is 
not disrupted. Once cracking commences, the shearing stresses are transferred to 
the stirrups and inclined bars, the distribution of bond stresses is altered, the relation 
of stress in steel and concrete is changed, and proportionality of deformations no 
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longer obtains. Approximation formulas (similar to those above) used in determining 
principle stresses cannot be used in the region of failure; moreover they do not give 
feta 
Zo Ga + Pe) 
(Eq. 2.) (where c = increased length of bar) is stated to serve as an approximation 
formula in design. 


accurate estimates of stresses elsewhere. In the latter case the formula u = 


The author then sketches the following phenomena in detail. Beginning with 
the appearance of the first crack, (shrinkage stresses still being significant) the bond 
between steel and concrete is broken, the bar is set in motion and friction alone 
remains operative in preventing its slipping. The first crack is stated to occur at 
sections where the maximum moment and maximum transverse forces act in con- 
junction and cracking serves as a measure of the deformability of the concrete. 
Two distinct movements commence at this point, one of which depends on the width 
of the crack and results in increased deformation of the steel that is free, while the 
other depends on the deformation properties of the beam as a whole. With a gradu- 
ally increasing load, the stresses follow a uniform course if the ends of the reinforcing 
bars remain fixed. The cracks open at a uniform rate and jd remains constant. 
Two destructive agencies are thus operative, one being displacements along the bar 
towards mid-span and the other a pulling out of the bar at the ends. As soon as 
increasing load has the effect of enlarging the cracks at one section the entire trans- 
verse bending phenomenon is changed. A different stress distribution over the 
cross-section occurs and plastic deformations take place in the compressed concrete 
zone. This leads into another stage with diminishing jd and failure. The relations 
generally referred to under the term bond, requires according to the author, con- 
sideration from two angles, one with reference to end conditions, and the other with 
reference to mid-section conditions. 


Anchorage, the author contends, has never been given proper consideration. 
Permissible bond stresses have not been checked by systematic observations and a 
systematic investigation of the displacements that take place between the steel 
and concrete is urgently needed at this time. The direction such an investigation 
should follow, he states, is clearly indicated in the work of Abrams from 1908-12. 


The detailed discussion is elucidated by means of two series of studies made in 
the past illustrating the two types of bond failure. One series of tests describes a 
study made to determine the necessary overlength of bar (length of bar extending 
beyond a support) to develop the full yield strength of the steel. The second series 
of tests (Abrams Series No. 1055) describes a study wherein hooks or special anchor- 
ages would have been superfluous had they been used. Both from the appearance of 
cracks and direct measurements it was indicated that slippage stopped short of the 
supports. A small increase in the adhesiveness of the bar together with greater 
slenderness were effective in preventing failure at the ends. The cracks opened to 
such a degree that the full development of the steel strength was prevented. 


The Austrian Concrete Committee Report No. 4 (1912) illustrates another angle 
for consideration in connection with bond, i. e., the subject of restraint and haunch- 
ing in beams. The large discrepancies between theory and observation uncovered 
in this investigation focuses attention on the fact that tension does not serve as a 
criterion of the efficiency of end anchorage. Good anchorage was attained by very 
small lengths of embedment and additional anchorage did not affect the breaking 
moments of the beams. Comparable beams failed, when simply supported, under 
loads of 4.1 tons and, when restrained, under loads of 16.1 tons. Medium sized 
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haunches increased the breaking moments to 27.8 tons. Thus with proper rein- 
forcement concreting of the beam into supports resulted in a greater efficiency than 
theoretical considerations of full restraint would indicate. Even when beams are 
simply supported the effect of haunches was considerable, and the author directs 
criticism at the neglect of haunches in actual design after their statical justification 
having been fully established over 25 years ago. Haunching, it is stated, opens an 
entirely new field especially in the construction of long span beam bridges. The 
author indicates the need of a worthwhile study of the complex subject of bond 
The author approves a difference in allowable bond stresses for smooth and deformed 
bars with dependability, rather than quantitative differences being considered in 
selecting the stresses. A fixed relation between cube strength and bond, he believes, 
can be established. 
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34th Annual Convention in Review 


While the A. C. I. JourNAL provides a forum through the year 
for discussion of developments in concrete research, design, con- 
struction and manufacture, the Annual Convention has more 
dramatic value. When it presents subject matter of timely interest 
to a considerable number of progressive minded persons; brings 
the general fund of knowledge along another step in practical 
usability; provides the leading personnel of a field the chance for 
mingling minds in informal discussion, it is probably successful. 


The informal part of the convention doesn’t occupy the center 
of the stage—it is in the wings; it is developed around the fringes 
of the assemblage; it is going strong in nooks and corners and in 
private rooms until the small hours. While a convention is impor- 
tant in these two factors, it is probable that the informal discussions 
gain much of their importance from the quality of the formal 
program. 


The 34th Annual A. C. I. convention at the Palmer House, 
Chicago, Feb. 22-24, didn’t break any long-time records in regis- 
tration, but it probably did achieve some success—in a strong 
program, in a sense of knowledge frontiers extended and in plenty 
of challenge to new conquest. 


There was a registered attendance of 584, and 333 persons sat down 
to the 34th Annual Dinner. For the statistically minded these 
figures may be compared with a registration of 550 at the 33rd 
annual convention in New York in February, 1937 when the dinner 
attendance was 442; and with the 32nd annual convention in 
Chicago in 1936 when the registration was 670, and the dinner 
attendance 365. 
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The success of a convention however is less in numbers than in 


what happens. 


The discoverable reactions to the 34th Annual 


Convention are that it was a good meeting—not in everybody’s 


mind for the same reason, but for a number of reasons which 


total up into a fair degree of membership approval. 


Some of 


the critically minded said the Institute had a program with a 
number of strong papers and strong sessions, while certain fields 
of thought and action in relation to concrete were neglected. 





Convention continued 


New A. C. I. policy puts emphasis on the job 





One of the important developments 
of the convention period was the action 
of the Board of Direction on Monday, 
February 21, a day ahead of the open- 
ing of the annual meeting, in indicating 
a shifting of emphasis in Institute 
affairs. This was brought to the 
attention of the convention in the 
address of the retiring president, J. C 
Pearson. (See first title in Proceedings 
pages of this JouRNAL). 


The Institute’s Charter is broad. 
It sets forth the principal objects of 
the organization to be in gathering and 
disseminating information and exper- 
ience on, and promoting the best 
methods to be employed in the various 
uses of cement. 


In more specific tendencies and 
directions an organization is what its 
members from time to time make it, 
depending upon the dominant and the 
more articulate interests. The Board 
has for some little time considered the 
Institute’s drift toward a preponder- 
ance of attention to research and to 
design theories rather than to matters 
of practice in design, construction and 
manufacture. To balance Institute 
activities the Board has heretofore 
organized a number of committees 
whose special tasks are in relation to 
recommended practices in design, con- 
struction and manufacture. Still, the 
bulk of Institute publications have 


shown a preoccupation with basic 
knowledge as_ distinguished from 
applied knowledge, in terms of use 

Now the Board determinedly pro- 
poses that the Institute shall be more 
thoroughly representative of those 
interests which arise in the necessities 
of the job; that the Institute work be 
carried through more completely by 
records of the application of our newer 
knowledge of good concrete, as fitted 
to the exactions of men, machinery, 
materials and methods at the point 
where, from these factors, structures 
are evolved. 

Nor has the Board failed to recognize 
that it is more difficult to get accurate 
testimony from field experience, from 
job practice, than it is from closely 
controlled studies in the laboratory 
Thus the more difficult thing demands 
more effort and it is put up to A. C. I 
administrative committees to put the 
emphasis upon the more difficult part 
of A. C. I. service to its members 
This does not mean minimizing the 
value of new basic research or of dis- 
cussion of design matters upon even a 
theoretical basis. This new expression 
of policy does seem to stress the fact 
that while academic interests are more 
articulate, practical interests are more 
numerous and need clear translations 
of the best knowledge we have into the 
forms and the terms in which it is 
applicable to practice. A. C. I. pur- 
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poses remain unchanged. It is the 
means to serve those purposes which 
from time to time must be adjusted. 


This informal statement of the 
Board’s expression of policy for the 
Institute should be considered in con- 
junction with what President Pearson 
said in his address already referred to. 
The Board has not yet come to con- 


clusions on all the means to be employed 
for a better balance of subject matter 
in A. C. I. activities and publications. 
Various means are under consideration. 
It is important that A. C. I. members 
know what the currents of effort are 
and that they offer suggestions. Im- 
portant results seldom occur; they are 
made to happen. 





Convention continued 


Officers and directors 





John J. Earley, Architectural 
Sculptor, Washington, D. C. was 
elected to the Institute Presidency 
for the current year, succeeding J. C. 
Frank E. Richart, Pro- 
fessor of Theoretical and Applied 
Mechanics, University of Illinois, was 
re-elected Vice-President. x 
Young, Testing Engineer, Hydro- 
Electric Power Commission of Ontario, 
Toronto, was elected Vice-President. 
Two years ago Mr. Young had been 


Pearson. 


elected a Director-at-Large for a term 
of three years. The unexpired term 
in the office of Director-at-Large was 
filled by the Board’s appointment of 
Rear Admiral Ben Moreell, formerly 
a Director of the Institute from the 
Fourth District, to fill out the term as 
Director-at-Large. 


Prof. Raymond E. Davis was elected 
to succeed himself as Director-at-Large 
for another three year term. Miles N. 
Clair, Director First District, Prof. 
Inge Lyse, Director Third District, 
F. H. Jackson, Director Fourth Dis- 
trict, Prof. M. O. Withey, Director 
Fifth District and Prof. H. J. Gilkey, 
Director Sixth District, were elected 
to succeed themselves each for a second 
one-year term. F. E. Schmitt, Editor, 
Engineering News-Record, New York, 
was elected Director from the Second 
District to succeed R. L. Bertin who 
had served two terms in that position. 








JOHN J. EARLEY, PRESIDENT AMERICAN 
CONCRETE INSTITUTE 


It will be recalled that officers and 
regional directors are elected for one 
year terms and may not be re-elected 
more than once without a lapse. This 
restriction does not apply to directors- 
at-large. The Board of Direction re- 
appointed Harvey Whipple, Secretary- 
Treasurer. 

The Executive Committee of the 
Board, which the By-laws clothe with 
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authority to manage the affairs of the 
Institute between meetings of the 
Board, consists of the president and 
secretary (as provided in the By-Laws) 
plus three members appointed by the 
Board. Thus the Executive Committee 
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for the current year consists of John J. 
Earley, President, F. E. Richart, 
Senior Vice-President, J. C. Pearson 
and F. R. McMillan, Past-Presidents, 
and Harvey Whipple, 
Treasurer. 


Secretary- 





Convention continued 


Mechanics of the meetings 





This year’s convention sessions drew 
favorable comment not only for their 
subject matter but also for their 
mechanics. The Program committee 
headed by F. R. MeMillan had first 
seen to it that the program was not 
crowded and no one among the con- 
tributors to the convention program 
“hogged”” convention time.  As_ in 
other years, every contributor to the 
program had been consulted as to his 
necessary time allotment. This year 
special stress was put on the fact that 
it is better to say too little, than too 
much. To bring about successful 
cooperation in the management of 
convention time there was this year 
a very satisfactory innovation—each 
day a luncheon meeting included 
program contributors of the day plus 
the president of the Institute, the 
chairman of the program committee, 
the chairmen of the day’s sessions, and 
the secretary of the Institute. And 
in these noonday meetings the me- 
chanics of the day’s sessions were 
worked out. A few speakers needed a 
little more than their alloted time. 
But there was a very evident desire 
to play ball in this joint effort to avoid 
the dismal effects of presentations so 
long that others are almost if not quite 
crowded off the program. 


In other respects, too, the mechanics 
were good. The Palmer House had 
provided three microphones one 


before the chairman of the meeting, 
one on the speaker’s stand, another 
portable microphone for use when a 
speaker turned to explain a picture 
or chart on the stereopticon screen. 
On the speaker’s stand was a very 
small red light bulb; in front of the 
chairman a switch by which to warn 
the speaker that he was nearing the 
end or had reached the end of his time. 


Curiously enough while this schedul- 
ing of program items was with some 
thought to encourage free time for ade- 
quate discussion, there was less discus- 
sion in general than at any Institute 
convention in several years. A number 
of comments overheard offer a possible 
explanation: that superior presen- 
tation of a convention paper tends to 
discourage discussion because the po- 
tential discussor, oftener than not a 
modest soul, is reluctant to make an 
extemporaneous display of what may 
appear to be ignorance when the 
presentor’s delivery is rapid and good. 
Compliment to the speakers or not, 
this of course is unfortunate. Very 
few convention papers were available 
early enough to permit publication in 
pre-convention JOURNALS—always an 
aid to intelligent discussion. Still, there 
is reason to believe that many a good 
man was all set to offer something 
worth while to the discussion, or to ask 
a pertinent question and just missed 
through undue modesty. 
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Convention continued 


Four papers on properties of mass concrete 





The first convention session, chair- 
manned jointly by Pres. J. C. Pearson 
and Past Pres. P. H. Bates, was 
devoted to studies of mass concrete. 
This two hour and fifteen minute 
session was led off by Prof. Raymond 
E. Davis, Chairman of Institute 108, 
“Properties of Mass Concrete,” who, 
with a very brief introduction of 
the subject (Proceedings pages this 
JOURNAL), introduced members of 
the committee on mass concrete. They 
presented four papers. First, “Some 
Time-Temperature Effects on Mass 
Concrete” by J. W. Kelly, Associate 
Research Engineer, Engineering Ma- 
terials Laboratory, University of Cali- 
fornia. Mr. Kelly points out how mass 
concrete markedly accentuates the 
effects of temperature rise at early ages 
and the subsequent cooling, with 
stress conditions which tend to produce 
cracks; that these marked changes in 
temperature due to placing concrete in 
mass influence the properties of the 
concrete itself. His paper, presented 
as other papers at this session, as a part 
of the work of Committee 108, reviewed 
the relation of temperature rise to the 
problem of cracking. “Some effects 
of temperature and other variables on 
various significant properties of mass 
concrete’’, is scheduled for publication 
in the May-June JouRNAL. 


As mentioned by Professor Davis in 
his introductory remarks, a part of the 
work of Committee 108, devolved upon 
a sub-committee of the larger organi- 
zation, in a thoroughgoing examination 
of major structures. Visited by this 
sub-committee were structures of vari- 
ous ages, built under various con- 
ditions, of various combinations of 
material, all the way from the east 
coast to the west coast and from 
Canada to Mexico. F. R. MeMillan, 





J. C. PEARSON WHO RETIRED AS A. C. I. 
PRESIDENT FEBRUARY 24 


Director of Research, Portland Cement 
Association, Chicago, presented in 
brief text and pictures some of the out- 
standing results of this field survey. 
Mr. MeMillan’s paper is scheduled for 
publication in the May-June JouRNAL. 

Another division of the committee’s 
study, ‘Causes of Cracking in Mass 
Concrete” is covered in a paper by 
R. F. Blanks, member of Committee 
108, H. S. Meissner and C. Rawhouser, 
all three engineers in the Denver office 
of the United States Bureau of Re- 
clamation. 


Mr. Blanks enlarged his potential 
audience immediately by a definition 
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PAST PRESIDENT FRANKLIN R. MCMILLAN 
——CHAIRMAN PROGRAM COMMITTEE 


which extended the field of interest in 
mass concrete. The paper mentions at 
the very outset that “the term ‘mass 
concrete’ includes not only concrete of 
massive proportions but any concrete 
wherein the temperature rise due to 
hydration of the cement, unless con- 
trolled, becomes a factor in the develop- 
ment of objectionable cracking”, that 
mass concrete is not dependent on the 
maximum size of the aggregate em- 
ployed in the mix, nor the thickness of 
the sections. It may range from an 
18 in. slab containing 1% in. gravel 
cast against an unyielding base, or the 
7 ft. buttress walls of a multiple arch 
dam with 3 in. maximum aggregate, 
to the 620 ft. block of concrete com- 
prising the base of Boulder Dam in 
which 9 in. cobbles were used. The 
paper by Blanks, Meissner and Raw- 
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houser appears in full in the Proceedings 
pages of this JouRNAL. 


Roy W. Carlson, Associate Pro- 
fessor of Civil Engineering, Massa- 
chusetts Institute of Technology, pre- 
sented ‘““Temperatures and Stresses in 
Mass Concrete.”’ This is to set forth 
just how temperature changes may 
be controlled in a number of ways; 
how cracks producing discontinuity 
in the structure as designed may be 
avoided. Professor Carlson’s paper is 
published in this JouRNAL issue. 


This entire convention session was a 
pace-maker. Having a very extensive 
report in preparation which will prob- 
ably be available through the In- 
stitute some time next winter, the 
committee set out to give a sample of 
what it has to offer—digests of various 
divisions of the subject matter of the 
committee’s work and of the progress 
that has been made in the last few years 
toward a development of design and 
construction procedure with reference 
to mass concrete. The time schedule 
adhered to by the speakers at this 
session, the general quality of their 
presentations, the high degree of 
condensation to the salient elements 
of their subjects, were highly com- 
mended. It was very important that 
this session finish on time to make 
way in the remainder of the afternoon 
for a convention innovation—the Com- 
mittee Confabs. 





34th Annual Convention 
Review continued next page. 


The 35th Annual Convention 
will be held at Roosevelt 
Hotel, New York, beginning 
February 21, 1939. 
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Convention continued 


13 Committees have open ‘‘confabs’’ 





The ballroom of the Palmer House, 
where the Institute convention was 
held, is large enough so that even a 
good sized audience may be comfort- 
ably seated without using all the space. 
Taking advantage of this situation 
before the very first convention session, 
13 tables were set up, each with a stand- 
ard marked for an active Institute 
committee, as reserved by these com- 
mittees in advance. The idea as 
developed in the Program Committee 
was to provide an opportunity for 
committee confabs as a means of 
bringing Institute members together. 


The idea was not to schedule a 
committee meeting at each of these 
tables but by bringing some of the 
members of each of these committees 
around the tables at the close of the 
formal part of the afternoon session the 
first day, to provide centers of discus- 
sion for members of the Institute inter- 
ested in the work being done bv these 
more active committees. The commit- 
tee confab hour was on immediately at 
the close of the mass concrete session at 
4:15 and there was difficulty in clearing 
the room at 6:00 o’clock. It is too 
soon to get the full and complete idea 
of how effective this experiment was. 
That it was in some measure effective 
there can be no doubt. It is only 
natural that members of the Institute 
with ideas along some special lines of 
Institute study should welcome an 
opportunity to talk with others study- 
ing along those same lines. The 
opportunity was seized by a great 
many and there was a continuous 
buzz of conversation in the space 
available. One of the immediate 
conclusions was that anything like a 
repetition of the same procedure at 
another convention should provide 
more space so that the tables could be 


put farther apart with Jess resulting 
confusion. 


-Chairmen of . Institute committees 
are selected with a great deal of care. 
They are competent to represent the 
best thought of the special field to 
which each one is assigned. The 
confabs begun under such circum- 
stances were not only to be encouraged 
for their own immediate value but as 
a means of opening up the doors of the 
Institute to the full value of its per- 
sonnel. The contacts are an important 
part of what A. C. I. has to offer. 


As a result of the committee confabs 
it was suggested that the Institute 
adopt the procedure used at medical 
and dental conventions especially, at 
which each presentor of a paper has a 
table and a niche somewhere in the 
convention space at a pre-announced 
hour to meet those who invariably 
want to ask questions on the subject of 
the paper to be, or already presented. 
The Program Committee has this 
suggestion under consideration for 
next year. 


The 13 committees which partici- 
pated in the “‘confabs”’ are: 


108—Properties of Mass Concrete— 
RayMonp E. Davis, Chairman 

109—Plastic Flow—Raymonpv _ E. 
Davis, Chairman 

115—Research—M. O. Wiruey, Chair- 
man, Ince Lysr, Secretary 

312—Plain and Reinforced Concrete 
Arches—CuarLes SS. Wuit- 
NEY, Chairman 

315—Detailing Continuous Beams and 
Frames—A. J. Boase, Chair- 
man 

409—Recommended Practice in Archi- 
tectural Monolithic Concrete 
Construction—A. J. Boass, 
Chairman 








501—Standard Building Code—A. W. 
STEPHENS, Chairman; R. R. 
ZiprRopt, Secretary 

612—Recommended Practice for Cur- 
ing Concrete—Mark Morris, 
Chairman 

613—Recommended Practice for the 
Design of Concrete Mixes— 
R. F. Buanks, Chairman 

614—Recommended Practice in Meas- 
uring, Mixing and Placing 
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Concrete—Lewis H. TuTruitt, 
Chairman 

711—Precast Floor Systems for 
Houses—F. N. MENEFEE, 
Chairman 

714—Recommended Practice for Silo 
Stave Manufacture and Stave 
Silo Construction wa 
Huaues, Chairman 

804—-Wearing Surfaces for Floors 
J. FruGuTspaum, Chairman 





Convention continued 


Reinforced concrete design including the A.C.I. code 





At the second convention session 
Tuesday evening, February 22, at 
which Past-President A. E. Lindau was 
Chairman, the subject matter was 
pretty much_ reinforced concrete 
design. 


While shell dome design has figured 
extensively in engineering literature 
of the last few years there has been no 
thoroughgoing statement in English 
of the principles of shell dome design. 
Such was the subject of a paper to the 
Institute by E. C. Molke and J. E. 
Kalinka of Roberts & Schaefer Co., 
Chicago. Since it is not possible to 
set forth adequately the principles of 
shell dome design in a short paper it 
was felt that Messrs. Molke and 
Kalinka had effected a commendable 
compression in their contribution. 
Mr. Molke made an excellent presen- 
tation of his subject but was at a 
disadvantage under the time schedule. 
This paper is scheduled for publication 
in the May-June JournaL—‘“Prin- 
ciples of Shell Dome Design.” 


or 


The Resistance of Reinforced Con- 
crete Columns to Eccentric Loads’ by 
F. E. Richart, Research Professor of 
Engineering Materials, University of 
Illinois, and Tilford A. Olson of the 
Engineering Department of the Chicago 
& Northwestern Railway, was _pre- 








sented by Professor Richart. The 
paper reviews some available test 
data, presents the results of about 80 
recent tests conducted by the authors, 
gives general conclusions as to the 
strength of eccentrically loaded 
columns and proposes simplified formu- 
las for the design of columns subject 
to bending. The paper is pertinent to 
the current work of the Institute’s 
Committee 501, Standard Building 
Code. It appears in this JouRNAL 


issue. 


The rest of the evening was given 
over to the work of the Institute’s 
Committee 501, Standard Building 
Code. A. W. Stephens, Chairman 
and R. R. Zipprodt, Secretary, set 
forth to the convention what the com- 
mittee has been doing with a view 
to revisions in the Institute’s tentative 
standard building regulations of 1936. 
The committee has recently faced the 
necessity for a decision as between the 
completion of a code with a view to 
final adoption based upon our present 
more or less well digested knowledge 
of the subjects involved, or the con- 
tinued postponement of a proposed 
final document in the light of the 
developing suggestions from year to 
year growing out of new and incom- 
pleted studies. 
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The Board of Direction has in recent 
years taken the view that a standard 
of the Institute is never final. The 
so-called final standard is merely a 
point of departure for further developed 
standards. More or less constant 
revision is to be expected. The 
Advisory Committee of the Institute 
has urged the Building Code Committee 
to bring its work to a conclusion in the 
current year with a view to the 
adoption of a building code at the next 
convention. 


Commiteee 501 as a whole and 
several of its sub-committees have 
been especially active during the last 
year. Its personnel has consisted of 
28 members representing wide interests 
in the fields of theory, design and prac- 
tical application to construction prob- 
lems as they are related to reinforced 
concrete. 


The editorial sub-committee began 
the work of revising the first several 
chapters of the Building Regulations 
for Reinforced Concrete in accord with 
committee action at New York in 
February, 1937. Definitions or nota- 
tions in Chapter 1 are being given 
their proper places at the head of each 
chapter to which they particularly 
apply—this to make the regulations 
more readily useable. 


The sub-committee on Floors with 
Supports on Four Sides has made 
material changes in the form in which 
Section 709 is presented, including the 
addition of tables by which the modi- 
fied load-distribution factors and stiff- 
ness factors for varying ratios of 
adjoining spans may be _ directly 
determined. 


The sub-committee on Flat Slabs 
has made an extensive analytical study 
of the application of the principles of 
continuity to the design of flat slab 
structures. This was to extend the 


application beyond the limitations 
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imposed by the present Regulations 
to: (a) flat slabs having a width of 
less than three panels; (b) flat slabs 
without either dropped panels or capi- 
tals; (c) flat slabs in which the adjacent 
panels are not of approximately equal 
spans. The first phase of the analyti- 
‘al study was limited to the effect of 
‘apitals and dropped panels on the 
distribution of the moments across a 
system of flat slabs and columns. 
Using the methods of computation 
resulting from this analysis a typical 
structure was analyzed for positive 
and negative moments, and the results 
were then compared with those of the 
1936 regulations and the recent Joint 
Committee Progress Report. For all 
spans loaded, the computed coefficients 
resulting from the analytical study 
agreed very closely with those of the 
Joint Committee. But, for such loads 
as produce maximum moments, the 
computed coefficients are considerably 
greater than those of the Joint Com- 
mittee when column stiffnesses are 
small, such as for the roof and top 
floor slabs, whereas the agreement is 
very close for the lower floors where the 
column stiffnesses have materially 
increased. 


The sub-committee is now at work 
on the matter of the distribution of 
the total moments in the flat slab, 
across the various middle and column 
strips. It is also preparing a revision 
of the text of Chapter 10 to make it 
agree with the analytical studies 
under way during the year. 


The sub-committee on “Reinforced 
Concrete Columns’ presented three 
changes in Chapter 11—Reinforced 
Concrete Columns and Walls. For 
complete agreement between the pro- 
visions of the 1936 Regulations and 
the Joint Committee, the factor 0.22/’, 
in formulas (22), (24) and (26) was 
changed to 0.225 f’... In Section 1140, 
Tied Columns, the maximum per- 
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missible axial load on columns with 
longitudinal bars and separate lateral 
ties was increased from 70 per cent to 
80 per cent of that given for Spirally 
Reinforced Columns. 


Another change was in Section 
1103(b) having reference to the spac- 
ing of vertical bars in columns, adjacent 
to a lapped splice. The wording in the 
1936 Regulations was changed to read 
as follows: ‘These spacing rules apply 
also to adjacent pairs of bars at a 
lapped splice; each pair of lapped bars 
forming a splice may be in contact, but 
the minimum clear spacing between 
one splice and the adjacent splice 
should be that specified for adjacent 
single bars.” 


The final change in this chapter is 
with reference to Section 1110, in 
which the title of the section was 
changed to read ‘Permissible Com- 
bined Axial and Bending Stress’’. 
The wording follows: ‘For spiral and 
tied columns, eccentrically loaded or 
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otherwise subjected to combined axial 
compression and flexural stress, the 
maximum permissible compressive fiber 
stress, f., is given by formula (30): 
ec 
: R? 
fe = fa 7 ee -++ eee. (80) 

i+ R? 
wherein the notation is that of Sec. 
1103 and 1109 and in addition, f, is 
the average permissible stress on an 
equivalent axially loaded concrete 
column and C is the ratio of f, to the 
permissible fiber stress for members 
in flexure. 

Nor fer ,_p 
Thus fa = Sen Pee. for spiral 

1+ (n—1)Pg 
columns, and 0.8 of this value for tied 
columns. In general C = f,/0.4f’.°. 

The second paragraph of Section 

1110 remains as now written. All 
changes in Chapter 11 were approved 
by committee vote before being pre- 
sented to the Convention for its 
information. * 





Convention continued 


Organization affairs 





The third convention session (Wed- 
nesday afternoon, Feb. 23) opened as 
usual with a short period devoted to 
organization affairs: Report of tellers 
John W. Kennedy and J. R. Dreyer, 
on the annual election, in which there 
were no contests except for Nominat- 
ing Committee membership; introduc- 
tion of new officers and Board members; 
a brief report on behalf of the Board 
as to the state of the Institute and the 
address of the retiring president, Mr. 
Pearson (see Proceedings pages). 


From among 20 candidates named 
by the 1937 Nominating Committee 
five were declared elected to serve 
with the three latest past presidents 
(P. H. Bates, F. R. McMillan and 


J. C. Pearson) as the 1938 Nominating 
Committee: H. F. Gonnerman (chair- 
man, by reason of the highest vote), 
A. N. Talbot, H. M. Westergaard, 
A. T. Goldbeck, A. J. Boase. 


In introducing the newly elected 
president, John J. Earley, who was 
escorted to the rostrom by Past- 
president McMillan, President Pearson 
said in part: 


“President-elect Earley and I came 
into the Institute together in 1918. 
We were more or less closely associated 
at that time and have been so in the 
interim. It is therefore a peculiar 
personal satisfaction to me that Mr. 


*The work of Committee 501 was not pre- 
sented formally for Convention action. 
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Earley is to be my successor, because 
we have considered many problems 
together, particularly those relating to 
the grading of aggregates, and it is 
rather striking to me that we were 
talking 20 years ago in just about the 
same language that we do now and 
had then almost the same objectives. 
Many of these conceptions of ours I 
don’t doubt are quite unorthodox, 
yet the fact that we have not dropped 
them indicates that at least we have 
not given them up as hopeless. An- 
other satisfaction is that we shall be 
together on a new committee* to 
function next year and possibly longer, 
in which this very problem is going to 
be of more importance than ever 
before. Mr. Earley does not need an 
introduction. You all know that he 
has perhaps done more than any one 
anywhere in advancing the decorative 
art of concrete. You know that he has 
done more to attract the favorable 
consideration of architects in general 
to what we might call architectural 


*Specifications and Recommended Practice 
for Architectural Concrete of the Exposed Ag- 
gregate Type, of which Mr. Pearson was made 
chairman at the close of his term as President 


concrete. Many notable structures 
have been built under his supervision 
and many Institute papers have been 
written by him, discussing the prob- 
lems that he has overcome in building 
these structures.”’ 


Mr. Earley’s acknowledgment was 
short, pithy and perhaps prophetically 
suggestive of a new bent in Institute 
work: 

“Gentlemen, you have chosen for 
your president a man who is neither a 
scientist nor an engineer, just a crafts- 
man, a worker with concrete who, 
insofar as it lies within his power, has 
resolved to bring other craftsmen and 
other workmen closer to the Institute.” 


On behalf of the Board of Direction, 
the Secretary-Treasurer presented the 
following report: 


“The Board of Direction wishes the 
members of the Institute in convention 
to be advised of our progress; a further 
report will be made after the end of 
the fiscal year. 


ry . ‘ 
“Three yardsticks are commonly 
used to measure an organization—its 
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members, its dollars, its publications. 
The data of something over a decade 
—down to the end of last month are 
shown graphically (see previous page). 


“From fewer than 400 members late 
in 1919 we grew to something over 
2700 by March 1, 1929. (See the dash 
line in the top diagram—scale on the 
left.) Then the reverse—down to 
1154 on June 30, 1934. Then a slow 
upturn which gathered greater momen- 
tum in the last year. On June 30 last, 
a fiscal year end, the total was 1416 
members. In the next seven months a 
further net gain of 132, so that on 
Feb. 1, 1938 the membership stood at 
1548, a net gain of 394 (more than 34 
per cent) from the depression low. 


“Contributing members (annual dues 
$50.00 each) totaled 121 on June 30, 
1928 and slumped to 30 early in 1936. 
On Feb. 1 this year they total 77. 


“The most remarkable achievement 
in membership work of the last year 
—Feb. 1, 1937 to Jan. 31, 1938—was 
that of J. L. Savage, Bureau of Reclam- 
ation, Denver, who sponsored 31 
member applicants in 12 months. 
Miles N. Clair, Boston, was runner-up 
in the Honor Roll contest with 19 to 
his credit in the same period. 

“While things were happening to 
our membership list, we wished our 
surplus had been bigger (see dash line 
at the bottom of diagram). This 
surplus had been increased annually 
in the good years until in June 1930 it 
was about $20,500—a little more than 
half that year’s budget. On June 30, 
1937 it was down to less than $6000, 
the lowest point since 1926. 

“The expenditures of the current 
fiscal year ending June 30, next, were 
budgeted on the basis of an estimated 
income increase of 10 per cent. For 
the first 7 months of the year the 
income increase is 20 per cent. Even 
should we suffer some slight set back 
from this level in the remaining five 
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months there is a fair prospect of 
balancing our budget. If the income 
rate holds up we are likely to make some 
small addition to surplus. 


“This year’s budget makes a Jour- 
NAL allowance for about 900 pages 
about the same as last year (See top 
diagram, scale on the right). The trend 
in recent years is shown graphically. 
We shall return to a ten JOURNAL 
schedule as soon as increased member- 
ship and increased income permit. 


“Without any analysis of the subject 
matter of the 32 papers and reports in 
out last volume, it seems obvious that 
this work makes inadequate appeal to 
the Institute’s potential audience. It 
is also obvious that the Institute’s 
administrative dollar would go much 
further with an increased membership 
to be served. While we often look to 
increased membership as the key to 
the situation, it may be good to 
examine our publications as a key to 
both members and dollars. This 
purely quantitative report is not all 
the story. A qualitative study of 
A. C. I. publications may find the 
answer to our problem of growth. It 
has been much in the mind of the 
Board and on this subject our Presi- 
dent will have something to say.’’ See 
also News Letter page 2, as to new 
policy. 





Discussion invited of Insti- 
tute activity 


The address by the retiring President 
appears in full in the Proceedings pages. 
Since the President of the Institute 
discusses internal affairs such a con- 
tribution is not ordinarily thrown open 
to discussion. This year it would be 
very gratifying to Directors of the 
Institute to get the reaction of the 
membership to some of the matters 
discussed by President Pearson as 
means to Institute objectives. 
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Convention continued 


Memorial towers and bridge floor 





The technical session of Wednesday 
afternoon which followed the business 
meeting opened with the presentation 
of a paper by C. A. Bullen, of the W. 8. 
Bellows Construction Co., Houston, 
Texas, on “The Construction of the 
San Jacinto Memorial.””’ Mr. Bullen’s 
paper was brief and well presented 
and had to do with job problems 
how actually to do the work on a 
most unusual structure, said to be 
the highest masonry structure in the 
world, 570 ft. 6 in. and that tower 
height topped by a reinforced concrete 
star whose dimensions, point to point, 
are 34 ft.—the entire concrete shaft 
and star faced with Texas natural 
stone used as an outer form. Mr. 
Bullen’s paper with illustrations is 
shown in the Proceedings pages in this 
JOURNAL. 


The paper by Glenn B. Woodruff, 
Engineer of Design, San Francisco- 
Oakland Bay Bridge, San Francisco, 
on “Light Weight Concrete Pavement 
on the San Francisco-Oakland Bay 
Bridge,”’ was published in the January- 
February JournaLt. Mr. Woodruff 
finding it impossible to attend the 
convention, the program committee 
was fortunate in having the outstanding 
features of the job presented by L. C. 
Rogers, President, Bates & Rogers 
Construction Co., which actually did 
the bridge pavement job, described by 
Mr. Woodruff. 


A new Institute Committee, 412, 
under the Chairmanship of J. C. 
Pearson, is assigned to write specifica- 
tions and recommended practice for 
architectural concrete of the exposed 
aggregate type. The organization of 
this committee and the nature of its 
assignment are the response of the 
Institute to an address by R. H. 
Shreve, Vice-President, American In- 


stitute of Architects, at the Institute’s 
33rd annual dinner in New York in 
February, 1937. Mr. Shreve invited 
the cooperation of the Institute with 
the American Institute of Architects 
in the further development of rein- 
forced concrete as an architectural 
medium and Mr. Shreve especially 
singled out the exposed aggregate con- 
crete of John J. Earley as a satisfac- 
tory architectural medium. The task 
before the committee is to gather data 
and formulate acceptable procedure— 
the knowledge of craftsmen, of research 
men, of reinforced concrete designers, 
and of the architect—to fix standards 
within which concrete of this kind is 
architecturally acceptable and also to 
to set forth the means by which 
such acceptable architectural concrete 
may actually be produced. When this 
committee was organized, with Mr. 
Earley and Mr. Shreve among its 
members, it was suggested that the 
job which Mr. Earley had then in 
progress on the Thomas Alva Edison 
Memorial Tower might be made to 
serve as a typical example of the sub- 
ject matter of the committee’s work 
and be described in such a way as in 
some measure to serve as a prospectus 
of the committee’s undertakings. Mr. 
Earley was invited to prepare a paper 
along those lines. With the Edison 
Tower so considered the paper is 
scheduled for presentation in the May- 
June JOURNAL. 


R. F. Blanks, Chairman of the 
Institute’s Committee 613, “Recom- 
mended Practice for the Design of 
Concrete Mixes” and E. N. Vidal, both 
of the Bureau of Reclamation, Denver, 
were scheduled to present a paper on 
the design of concrete mixes which 
would set forth the viewpoint of the 
chairman and a co-worker in reference 
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to the undertaking of this committee. 
Arriving at the convention and holding 
a meeting with a number of members 
of his committee this plan was revised. 
From Mr. Blanks’ informal remarks in 
reference to the future of this com- 
mittee’s work the following is quoted: 


“Our written comments have been 
relegated to the waste basket. The 
comments I shall make are in no way 
a report. The committee is not 
ready to make even a progress report, 
and I suspect that many of you are 
saying to yourselves, “Will they ever 
be ready?” I think the committee has 
made quite a large step toward 
accomplishing its purpose, in the full 
realization of the problems before it. 
The interest, enthusiasm and coopera- 
tion which has been evidenced I think 
assures some worth while accomplish- 
ment. This committee is charged 
with formulating a recommended pro- 
cedure which will enable engineers to 
obtain in concrete work the greatest 
qualitative and economic value from 
the available materials. It seems 
generally agreed that concrete mix 
design cannot be a fixed and rigid 
process, depending, as it does upon 
empirical relationships, judgment and 
to some extent pure assumption. Final 
adjustments and refinements can be 
made only on the job under operating 
conditions. However, if simple and 
workable rules can be set up to provide 
the man on the job, or in the designing 
room, with a starting point for a 
mix reasonably close to that design and 
then provide quick and easy means of 
adjusting that mix under field condi- 
tions, the problem will essentially be 
solved. The committee has already 
agreed upon a starting point for 
accomplishing the task assigned to it 
and has agreed upon certain well estab- 
lished fundamentals recognized as 
major controlling factors. The next 
step will be the assembly of the known 
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facts and relationships to supply the 
committee with working tools. That 
does not mean that a new summary 
will be made of all the proposed 
methods for mixing that we can find 
in the literature; if we did that, there 
would be nothing else done. It means 
the assembly of such well known facts 
as water-cement ratio, the constant 
water or constant consistency rela- 
tionship, the effect of size of aggregate, 
and other relations not so well estab- 
lished. I think the feeling of optimism 
of the committee so far justifies my 
making a promise to the Institute as a 
whole that Committee 613 will not 
let you down.” 


Badges to promote 
acquaintance 


Convention badges this year were of 
three kinds to meet criticism from 
newcomers to Institute meetings who 
said they found sociability at low ebb. 
Several of the more articulate critics 
in 1937 had found the older Institute 
members a little inclined to be pre- 
occupied and the newcomers to In- 
stitute meetings occasionally at loose 
ends to take full advantage of a 
supposed opportunity for personal 
contacts. This year therefore for non- 
members, plain badges; badges with a 
small blue ribbon attached indicating 
members who had been in the Institute 
long enough to know their way around; 
then other badges with short red 
ribbons to distinguish a newcomer in 
our midst. The word had gone out 
that the older members were to take 
special note of the new members so 
designated and make it easy for them 
whenever possible to get acquainted. 
The red ribbons didn’t seem to work 
very well. They were not popular. 
Some comparative newcomers to In- 
stitute meetings, given red ribbons 
at the registration desk came back and 
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changed them for badges with blue 
ribbons on them. They didn’t like 
the label. The Secretary of the Insti- 
tute would be glad to have the further 


reactions of the membership of the 
Institute on this problem of opening 
the doors of A. C. I. opportunity to 
newcomers. 





Convention continued 


Research—work of A. 


C. I. committee 115 





The forenoon of Thursday, February 
24, was well filled with the program of 
the open session of Institute Committee 
115, Research under the chairmanship 
of Prof. M. O. Withey. The men 
actively identified with research in 
the field of cement and concrete have 
responded to the organization of this 
committee in the Institute. The com- 
mittee’s procedure is informal. It is 
intended to provide an outlet for the 
reactions of the research man to his 
work and it is part of the set-up of the 
organization that the Institute will not 
publish the discussion of this open 
session of the Research Committee 
without permission of the 
This year there were 
more offers of brief papers on research 
in relation to concrete than the com- 
mittee could find time to 
Twelve speakers led discussion of the 
following subjects: 


express 
contributors. 


consider. 


(1) Devices for determining the 
amplitude, velocity and acceleration 
of particles of concrete being placed 
by vibration; 


(2) Methods for controlling consis- 
tency of concrete while in the mixer; 


(3) Studies of the strength, bond, 
elasticity, nailability, and volume 
change of light weight concrete made 
from bituminous and _ anthracite 
cinders; 


(4) Fatigue testing of concrete 


beams made of light weight aggregate; 

(5) Suitable allowance for the corner 
effect in calculation of 
rigid frames; 


moments in 


(6) Resistance to salt solutions of 
concrete made with various types of 
portland cement blended with natural 
cement; 

(7) Influence of three curing condi- 
tions: in saturated air; in saturated 
air followed by ordinary room condi- 
tions; and under ordinary or room 
atmosphere—on strength, elasticity 
and Poisson’s ratio of concrete; 

(8) Static 
tests on 


bending 
reinforced 


and 
several 


repeated 
types of 
concrete hinges; 

(9) Thermal 
during heating and cooling; 


stresses in concrete 

(10) Method of measuring the water 
gain on the blending of different types 
of cement pastes and mortars. 


In the last year Committee 115 has 
received information from 18 labora- 
tories at educational institutions indi- 
cating that there were 79 subjects of 
research supplementary to those listed 
in 1937, and that 12 laboratories at 
non-educational institutions have 54 
subjects of research undertaken during 
the last year supplementary to the 
1937 list. Lists of these subjects are 
not available for general distribution, 
but: are available to members of Com- 
mittee 115 on request to Prof. Inge 
Lyse, secretary of the committee. 





The convention review is 
continued on next page— and 
the next Annual Convention, 
the 35th, is to be held in New 
York, beginning Feb. 21, 1939. 
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Convention continued 


The 34th annual dinner 





President Pearson welcomed those 
present at the 34th Annual Dinner 
and turned the occasion over to Prof. 
Melvin L. Enger, Dean and Director, 
College of Engineering, University of 
Illinois, the Toastmaster. During the 
dinner there was music by Frank 
Spamer and associates—just enough 
music for an agreeable background to 
the buzz of table conversation. After 
the coffee there were three solos by 
Ruth Marjorie Slater, contralto. Miss 
Slater, daughter of the late Prof. Willis 
A. Slater who was a wheelhorse in 
Institute affairs for many years, proved 
so popular an entertainer when she 
appeared as soloist at the 1936 Institute 
dinner—welcome not only as_ the 
daughter of a much loved Institute 
member but now in her own right 
that she “played a return engage- 
ment” this year. 


President Pearson presented the 
Wason medals—(see Jan.-Feb. 
JOURNAL) the Wason Medal for the 
Most Meritorious Paper in Institute 
Proceedings, Vol. 33, to R. B. Young, 
Hydro-Electric Power Commission of 
Ontario for his contribution, “Concrete, 
Its Maintenance and Repair.’”’ Mr. 
Young made a very graceful acknow- 
ledgment in which he said that his 
paper was not the result of one man’s 
work but rather that it was drawn 
from the experience of many men in ¢ 
large organization. The Wason medal 
for a “most meritorious paper’ of the 
year, was first presented in 1917 to 
A. B. McDaniel for his paper presented 
at the 1916 convention of the Institute 
under the title, “Influence of Tempera- 
ture on the Strength of Concrete.” 
Since then such an award has been 
made every year, Mr. Young receiving 
the 22nd such medal. 


For notable research reported in 
Proceedings—Vol. 33, the Wason Re- 
search Medals were awarded to F. E. 
Richart and T. A. Olson, co-authors of 
“Rapid and Long Time Tests of 
Reinforced Concrete Knee Frames.’’ 
The award to Richart and Olson was 
the 8th such award of research medals. 
Medals were struck off in duplicate, 
one to each of the co-authors. 


The Wason medals were founded by 
the late Leonard C. Wason, who was 
Second President of the American 
Concrete Institute, and well remem- 
bered as the President of Aberthaw Co. 
Boston. The awards at the 34th annual 
convention were the first since the 
death of the founder of the medals. 
This award is being continued by Mrs. 
Wason in her husband’s memory. 


Frank T. Sheets, President of the 
Portland Cement Association, but 
speaking as an A. C. I. member, 
delivered himself of a short, crisp, 
pungent but highly good-natured, 
scolding under the title, ““A Challenge 
Shorten the Lag between Research and 
Practice.’ Mr. Sheets talked very 
plainly. He challenged the research 
man to come down from the technical 
stratosphere and state what he has 
found out to be true in plain, under- 
standable English which the practi- 
tioner can understand. He challenged 
the practitioner to junk his  self- 
sufficiency, mental inertia and com- 
placency and to try to apply the fruits 
of research to current practice. He 
challenged both of these in turn to 
cooperate in eliminating the costly lag 
which now exists between the findings 
of research and their application in 
practice. He poked a good deal of fun 
at a lot of engineers and others, but he 
did it in a very kindly, good-natured 
way, while pulling none of his punches. 
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It was a very forceful address and it 
was well timed in view of the recent 
declarations of policy by the Institute 
Board. 


The visiting guest speaker of the 
evening was William J. Cameron, well 
known to the country at large by his 
six-minute addresses as a part of the 
Ford Sunday Evening Hour radio 
broadcasts. 


Just as Toastmaster Enger concluded 
his introduction of Mr. Cameron as the 
“Voice-President of Ford Motor Co.” 
the Frank Spamer orchestra broke into 
the Ford Sunday Evening Hour theme 


from the Hansel and Gretel prelude. 
Mr. Cameron wanted to know if that 
was a signal that he was to speak but 
six minutes. 


Mr. Cameron’s address, ‘“‘Demo- 
cracy—Does it Mean Anything?” was 
along a new theme but 2 characteris- 
tically “Voice Presidential” attitude, 
in reference to current economic, social 
and political manifestations. The 
applause at his conclusion in thirty 
minutes and the general movement in 
the direction of handshaking seemed to 
indicate that the audience was not out 
of harmony with his sentiments. 





Convention continued 


Resistance to destructive agents 





Thursday afternoon, at a_ session 
chairmanned by Vice-President Richart, 
there was a thread of a theme through 
three of the four papers. The first, 
“Studies of Sulphate Resistance of 
Cement and Concrete’? by Thomas E. 
Stanton, Jr., Materials and Research 
Engineer, and Lester C. Meder, 
Assistant Physical Testing Engineer, 
both of the California Division of 
Highways, was presented in abstract 
in the absence of the authors, by 
H. F. Gonnerman. The paper appears 
in full in the Proceedings pages of this 
JOURNAL. 


Dalton G. Miller, Senior Drainage 
Engineer, United States Department 
of Agriculture, University Farm, St. 
Paul, Minn. found the theme of his 
paper in the situation facing the manu- 
facturers of concrete staves for silos 
and the constructors of concrete silos 
generally. The problems of weather 
resistance and endurance under the 
peculiar reactions of ensilage have led 
to the organization of new A. C. I. 
Committee 714, under Professor C. A. 
Hughes of the University of Minne- 
sota, assigned to prepare recommended 





practice for the construction of con- 
rete silos. The fact is that some 
concrete silos are standing up and 
giving good service for 25 to 30 years, 
while others are showing signs of 
deterioration in much less time. Mr. 
Miller’s paper appears in full in the 
Proceedings pages of this JouRNAL. 


Dr. T. Thorvaldson, Professor of 
Chemistry, University of Saskatche- 
wan, Saskatoon, Sask., made a brief 
digest for the convention of the paper 
by himself and D. Wolochow, Associate 
Research Chemist, National Research 
Council of Canada, Ottawa, which was 
published in the JourNAt for January- 
February under the title, ““The Action 
of Sulphate Solutions on Steam Cured 
Composite Cement Mortars.”’ 

H. S. Meissner presented the paper, 
“Concrete Curing Compounds” by 
himself and 8. E. Smith, both of the 
Bureau of Reclamation, Denver, report- 
ing tests conducted by the Bureau 
which indicate that the equivalent of 
two weeks water curing of concrete can 
be produced by the use of selected types 
of curing compounds applied to the 
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concrete under carefully controlled 
conditions, provided the conditions of 
exposure are not too severe. The 
application of curing compounds to 
concrete before any surface moisture 
is lost was found to be very important. 
The relative efficiency of several types 
of compounds as established by labora- 
tory tests indicate different coverages 
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are required in each case for equivalent 
results. The conclusion is that there 
still exists a great need for a good, 
inexpensive, clear type compound that 
will provide adequate curing during 
hot summer seasons in arid territory. 
The paper is scheduled for publication 
in the JouRNAL for May-June. 





Convention continued 


Reinforced concrete design 





Again at the final session, Thursday 
evening, Feb. 24, Arthur R. Lord, 
Chairman, reinforced concrete design 
was the theme. “Rigid Frame Design” 
by Prof. George A. Maney, North- 
western University, Evanston, Illinois, 
was in answer to the question, ‘Should 
the method of analysis be determined 
by the type of rigid frame to be de- 
signed”? In the paper scheduled for 
publication in the May-June JouRNAL 
Professor Maney reviews some methods 
of design now in use and indicates the 
type of structures to which they are 
particularly adapted. 


Wilbur M. Wilson, Research Pro- 
fessor of Structural Engineering, Uni- 
versity of Illinois, presented a paper by 
himself and Ralph W. Kluge, “Rigid 
Frame Bridges,” also scheduled for 
publication in the May-June JouRNAL. 
It reports results of an investigation 
at the University of Illinois in co-oper- 
ation with the Portland Cement Associ- 
ation to supply a tie between theory 
and practice in the design of concrete 
bridges of the rigid frame type. The 
viewpoint in reference to the studies 
undertaken at the University of Illinois 
are set forth in the introduction of the 
paper, “A few rigid frame bridges 
have been in use for several years, 
but the number of bridges of this type 
has increased very rapidly. Because 
of the sudden increase in its use there 
are a large number of bridges of this 


type now being built where the engineer 
does not have any considerable back- 
ground of experience from which to 
work. This being true tests of full size 
structures are especially desirable. 
The paper is a report of the tests to 
meet this need. 


The paper by Albert Smith, of Smith 
& Brown, Engineers, Chicago, was of 
an unusual nature on “Reinforced 
Concrete Design Practice.’’ Prepara- 
tory to writing the paper Mr. Smith 
called tegether a group of about 20 
Chicago engineers and asked them 
these questions: ‘Are there any 
important design and _ construction 
considerations omitted from the A. C. I. 
code which should and could be in- 
cluded’? And “Are there any of the 
provisions of the code either too lax on 
too severe’? The result of a full 
evening of free discussion which was at 
times vigorous are reported in Mr. 
Smith’s brief paper in this JourRNAL 


issue. 


The Chicago committee 


Behind every successful convention 
there is a program committee to provide 
the performers—a local committee of 
arrangements which supplies the audi- 
ience. The Program Committee is 
one of the Institute’s administrative 
standing committees through the year, 
headed last year and again for the 
1939 convention by F. R. McMillan 
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The local committee changes with 
the city. Its job is to make known 
what A. C. I. has to offer to engineers 
not regularly in touch and to be avail- 
able for many services and responsi- 
bilities which require a broad know- 
ledge of the field and its personnel and 
presence on the job before and during 
the convention. 

The 1938 Chicago A. C. I. Con- 
vention committee was headed by 
B. H. Rader, Chairman, a charter 
member of the Institute (1905), and 
H. B. Emerson, Secretary, both of the 
Chicago organization of Lehigh Port- 
land Cement Co., who with A. J. 
Boase of the Portland Cement Associ- 
ation and H. G. Farmer of the Univer- 
sal-Atlas Cement Co., made an execu- 
tive group of four. Other members of 
the committee, to which the Board of 
Directors expressed thanks, are: 


B. F. ArrteckK—208 8. La Salle St., 

W. D. M. ALttaAn—Portland Cement 
Association 

Mark BeemMan—Concrete Reinforcing 
Steel Institute, 201 N. Wells St., 

H. P. Brauer—Rail Steel Bar Assn., 
228 N. La Salle St. 

Ropert A. Biack—1509 W. Jackson 
Blvd. 

CueEsteER BruNDAGE—c/o Avery Brun- 
dage Co., 11S. La Salle St. 

Frank W. Capp—Portland Cement 
Assn. 

Bert Cary—Circle Ave. at 14th St., 
Forest Park 

W. W. DeBrrarp—aAssociate Editor, 
Engineering News Record, 520 N 
Mich. 

A. Epstern—Structural Engineer, 2001 
W. Pershing Rd. 

Loran Gayron—City Engineer Chi- 
cago, 402 City Hall 

Kenprick Harcer-—lllinois Highway 
Dept. 

Mocens Irsen—City Engineer Rock- 
ford, City Hall 

L. S. Kerrn—Secretary Western 
Society of Engrs., 205 Wacker Drive 


Rosert KinGEry—Chicago Regional 
Plan Commission, 160 N. La Salle 
St. 

W. G. Katser—Portland Cement 
Association 

Bernarp L. KLEKAMp—Architect, 140 
S. Dearborn St. 

R. B. Lerrter—Chief Structural En- 
gineer, Sanitary Dist., 910 S. Mich. 

F. R. McMittan—Portland Cement 
Association 

Joun O. Merritt—Pres. Chicago 
Chapter, The American Institute of 
Architects, 333 N. Michigan Ave. 

C. W. Morrey—President, Chicago 
Technical College, 118 E. 26th. 

GERALD L. PALMER—134 No. La Salle 
St. 

GEORGE QuinLAN—Cook Co. Highway 
Dept., 188 W. Randolph 

F. A. Ranpatu—Consulting Engineer, 
205 W. Wacker Drive 

F. E. Ricnart—University of Illinois, 
Urbana. 

Ricuarp E. Scumipt—Comm. of 
Bldgs., 702 City Hall 

ALBERT Smith—Consulting Engineer, 
307 N. Michigan Ave. 

Mayne Sranton—Secretary, Associ- 
iated Builders, 228 N. La Salle St. 
N. M. StTINEMAN Editor, Concrete, 

400 W. Madison St. 

W. A. Strraw—Western Electric Co., 
Hawthorne Station 

Haro._p Vaarsora—Armour Institute, 
3300 Federal St. 

H. A. WaGner—S8 S. Michigan c/o 
American Assn. of Engineers 

Cuarves 8S. Warrney—Consulting En- 
gineer, 724 E. Mason St., Milwaukee, 
Wisc. 





A list of 1938 convention regis- 
trants is published beginning page 
25. 











20 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 





March-April 1938 





Who’s Who in This A. C. I. Journal 





Dalton G. Miller 


long well known in the field of the 
Institute’s work, but not a recent con- 
tributor to our Proceedings, is a new 
member of the Institute. His paper, 
“Factors which Influence the Dura- 
bility of Concrete Stave Silos” was 
inspired by the same conditions which 
brought about the organization of 
Committee 714 under Prof. C. A. 
Hughes, University of Minnesota, as 
Chairman, to find whys and where- 
fores in the situation in which many 
concrete silos stand up and others 
don’t stand up so well under their 
special conditions of exposure. Mr. 
Miller, a member of this new com- 
mittee, has surveyed the situation 
which provides the committee its job. 
His paper may be said to be in large 
measure the committee’s point of 
departure. Mr. Miller is Senior 
Drainage Engineer, Bureau of Agri- 
cultural Engineering, United States 
Department of Agriculture, University 
Farm, St. Paul, Minnesota. He took 
his B. 8S. degree in civil engineering at 
the University of Iowa in 1905. He 
has been with the United States 
Department of Agriculture since 1906; 
since July, 1921 in charge of the labora- 
tory at the University Farm, University 
of Minnesota, maintained by the 
United States Department of Agricul- 
ture, the University of Minnesota and 
the Minnesota Department of Con- 
servation. He has done research work 
on problems relating to soil and alkalis, 
soil acids and frost and their effects on 
materials used for underdrains. He 
developed the idea of using volume 
change to measure the rate and extent 
of chemical action of chemical waters 
on portland cement concrete and dis- 
covered that high temperature steam 
curing markedly increases resistance 


of concrete to sulphate action. He 
has made numerous other contribu- 
tions relating to the whole field of 
soil-alkali problems. He is the author 
of numerous papers; a member of 
the American Society for Testing 
Materials and of the American Society 
of Agricultural Engineers. 


Albert Smith 


is the representative in Institute mem- 
bership of Smith & Brown, Engineers, 
Inc., Chicago, since 1927. He received 
some of his engineering training at 
Granville Academy, Dartmouth Col- 
lege, (B. 8S. 1898); the Thayer School 
of Engineering (C. E. 1903); member 
Kappa Kappa Kappa, Sphinx, Triangle, 
and Scabbard and Blade. He was 
engaged in construction work in the 
field in 1900, draftsman with the 
Lassig Bridge Co. and American Bridge 
Co. in 1902; draftsman and designer for 
the Illinois Steel Co. in 1905; a Lieut.- 
Colonel, 215th Engineers, U. 8. Army 
1917-1919; Professor of Structural 
Engineering, Purdue University, 1922. 
Then professional practice in structural 
design with Smith & Brown, Chicago, 
1922 to date. He has contributed a 
number of papers to the Western 
Society of Engineers and wrote ‘Design 
of Concrete Buildings for Wind Stress,” 
Proceedings, American Concrete Insti- 
tute, 1927. In addition to membership 
in the Institute he is a member of the 
American Society of Civil Engineers, 
Western Society of Engineers, Indiana 
Engineering Society, Sigma Xi, and of 
the Union League, American Legion, 
Republican and Congressional Clubs. 


His paper in this JourNaL ‘Rein- 
forced Concrete Design Practice,” sets 
down the reactions of a group of 
Chicago engineers to the A. C. I. code. 
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Thomas E. Stanton, Jr. and 
Lester C. Meder 


contribute, ‘‘Resistance of Cements to 
Attack by Seawater and by Alkali Soils” 
to this JournaL. Mr. Stanton, a 
member of the Institute since 1929, is 
not new to A. C. I. readers. He has 
contributed several other papers and 
discussions; has been previously intro- 
duced in these pages and is very well 
known as Materials and Research 
Engineer, California Division of High- 
ways, Sacramento. See these pages 
for September-October, 1935. 

Mr. Meder is not yet a member of 
the Institute but appears as co-author 
with Mr. Stanton in this JouRNAL, 
being associated with Mr. Stanton as 
Assistant Physical Testing Engineer, 
California Division of Highways. 


R. F. Blanks, H. S. Meissner 
and C. Rawhouser 


contributed, ‘Cracking in Mass Con- 
crete,’’ as a part of the work of Com- 
mittee 108 on the general subject of 
mass concrete at the 34th annual con- 
vention. Mr. Blanks is a member of 
the committee and all three authors 
are members of the Institute and en- 
gineers in the Denver office of the 
Bureau of Reclamation. Mr. Blanks 
was further introduced to members as 
a Proceedings contributor in these 
pages for January-February, 1935. 


Dan H. Pletta 


contributes a brief but timely report 
on existing rigid frame bridges in the 
United States, as a part of the work 
of the Institute’s Committee 314, 
“Rigid Frame Bridges,’’ Hardy Cross, 
Chairman. Has been a member of 
the Institute since 1931; is Assistant 
Professor of Applied Mechanics, Vir- 
ginia Polytechnic Institute, Blacks- 
burg, Va. He took his B. S. degree in 
civil engineering at the University of 
Illinois in 1927; M. S. University of 


Wisconsin, 1931. A member of the 
honorary societies Tau Beta Pi, Chi 
Epsilon, Sigma Tau, Phi Kappa Phi, 
Phi Eta Sigma. His engineering 
background includes work as_ time- 
keeper and rodman for Ritter, Conley 
Co., Pittsburgh, 1922-23, draftsman, 
Commonwealth-Edison Co., Chicago, 
1925; grain elevator work, Burrell 
Engineering & Construction Co., 1926; 
Instrument man, coke oven construc- 
tion, Koppers Construction Co., 1927; 
instructor in mechanics, University of 
Wisconsin; Assistant Professor of Civil 
Engineering, University of South Da- 
kota, 1930-32; Assistant Professor 
Applied Mechanics, Virginia Poly- 
technic Institute, 1932 to date. In 
1931 he contributed to the Institute, 
“Permeability of Gravel Concrete’ 
with C. T. Norton, Jr., as co-author; 
and other minor articles and discus- 
sions. Besides his membership in the 
Institute he is a member of the Virginia 
Academy of Science, Society for the 
Promotion of Engineering Education, 
Associate Member, American Society 
of Civil Engineers; a member of the 
University Club, Blacksburg, and 
Reserve Officer Association, U. 8. 
Army; is a Captain, Ordnance Depart- 
ment, U. S. Army Reserve. 


C. A. Bullen 


is not a member of the Institute and 
furthermore is reticent. It is known 
however that he is Superintendent for 
the W. S. Bellows Construction Co. 
and had an important part in the con- 
struction of the San Jacinto Memorial 
Tower, some of the interesting features 
of which he described very ably to 
the Institute’s 34th Annual Conven- 
tion, reported briefly in this JourNat. 
. * * 

Other contributors to the Proceedings 
pages of this JourNAL include names 
so well known for the A. C. I. work 
they have done, that introductions are 
superfluous. 
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New Members 





Fifty-four applicants for Institute 
membership in January and February 
have been approved by the Board of 
Direction as follows: 


Alba, Fernando de, Comision N. de 
Irrigacion, La Angostura, Sonora, 
Mexico 

Barona, Federico, Campeche 234, Dept. 
4, Mexico, D. F., Mexico 

Bateman, John Henry, College of 
Engineering, Louisiana State Uni- 
versity, University, La. 

Boulton, H. 8., 2323 Asbury Ave., 
Evanston, IIl. 

Boyd, Edwin A., University of Michi- 
gan, 1224 KE. Engineering Bldg., 
Ann Arbor, Mich. 

Calcium Chloride Assn., 4145 Penob- 
scot Bldg., Detroit, Mich. (Fred 
Burggraf) 

Caldwell, Wallace L., 310 Liberty Life 
Bldg., Birmingham, Ala. 

Carlson, Harry, 1318 Charles St., 
St. Paul, Minn. 

Collier, Theodore F., 591 Phillips Ave., 
Glen Ellyn, Ill. 

Cruise, Richard R., 193 Hastings Ave., 
Buffalo, N. Y. 

Douglass, C. T., c/o U. S. Bureau of 
Reclamation, Reading, Calif. 

Emery, 8. A., U. 8S. Engineer Office, 
U. 8S. Engineer Depot, Cincinnati, 
Ohio 

Feigel, John H., Division of Engineer- 
ing, D. P. W., 427 City Hall, 
Buffalo, N. Y. 

Ferris, George F., 3173 No. 20th St., 
Arlington, Va. 

Fleming, T. H., Concrete Transport 
Mixer Co., 650 Rosedale Ave., St. 
Louis, Mo. 

Gaither, J. T., 3868 Michigan Ave., 
East Chicago, Ind. 

Gannett, J. F., The Austin Co., 19 
Rector St., New York, N. Y. 

Hallstrom, P. O., Sundsvall, Sweden 


Hatch, H. P., Dublin, Va. 

Hill, Byron A., Palomar Mt., Calif. 

Hilton, William B., 27 Great Woods 
Rd., Lynn, Mass. 

Hodges, Jr., J. E., 2213 Eastern Ave., 
Covington, Ky. 

Holden, Loyle C., 308 S. Superior St., 
Angola, Ind. 

Hubler, J. W., Purdue University, W. 
Lafayette, Ind. 

Karez, Michael J., 4131 Dickinson 
Ave., Chicago, IIl. 

Kellermann, Wm. F., Bureau of Public 
Roads, Washington, D. C. 

LaFountain, A. A., 159 Beech St., 
Hackensack, N. J. 

Lancaster, G. G., 1002 First Nat. 
Bank Bldg., Richmond, Va. 

MacRae, W. A., 35 Yonge St., Toronto, 
Ont., Canada 

Mardulier, F. J., 12 Valley St., Med- 
ford, Mass. 

McCrady, Jr., Ed., 308 Sixth St., 
Braddock, Pa. 

Mills, Henry J., 471 North Auburn, 
Sierra Madre, Calif. 

Miller, Dalton G., University Farm, 
St. Paul, Minn. 

Navarro G., Benjamin, Comision Na- 
cional de Irrigacion, La Angostura, 
Son., Mexico 

Poulter, John W., Koehring Company, 
Milwaukee, Wisc. 

Proff, Wayne L., Phoenix Engineering 
Corp., Polson, Mont. 

Rapp, G. M., 2117 Grant Bldg., Pitts- 
burgh, Pa. 

Reid, Edward C., 316 N. Murray St., 
Banning, Calif. 

Renner, W. A., 807 W. Nevada SBt., 
Urbana, II. 

Robertson, Winfred T., 115 Maple 
Park, Olympia, Wash. 

Rogers, Lester C., Bates & Rogers 
Const. Corp., 111 W. Washington 
St., Chicago, IIL. 





SOR eT SRE Ce RRS COE 











1 Late poe RE MI 


woe 


> netehateneaae aa 


end 





A. C.I. News Letter 23 


Schumacher, L. B., Truscon Steel Co., 
Youngstown, Ohio 

Seeger, Ralph E., 839 Iroquois Drive, 
S. E., Grand Rapids, Mich. 

Shedd, Thomas C., 306 Engineering 
Hall, University of Illinois, Urbana, 
Ill. 

Sheets, Frank T., Portland Cement 
Assn., 33 West Grand Ave., Chicago, 
Ill. 

Sherman, Walter A., 5210 W. Wash- 
ington Blvd., Milwaukee, Wisc. 

Shockey, Norvell A., 723 Woodlawn, 
St. Paul, Minn. 

Siess, Chester P., 214 Materials Test- 
ing Lab., University of Illinois, 
Urbana, IIl. 

Stirling, J. B., 960 New Birks Bldg., 
Montreal, Que., Canada 

Sullivan, H. D., 2021 N. Post St., 
Spokane, Wash. 

Timms, A. G., Portland Cement Assn., 
33 W. Grand Ave., Chicago, Ill. 

Trice, A. C., 1212 Gartland Ave., 
Nashville, Tenn. 

Waddell, Joseph J., c/o U. S. B. R., 
Parker Dam, Calif. 

West, Wilbur T., 40 Stanley St., 
Buffalo, N. Y. 


D. S. MacBride 


a member of the Institute for a number 
of years as representative of Lone Star 
Cement Corp., (Manager of the Incor 
Division), resigned that position to 
become vice-president of the Hercules 
Cement Corp., Philadelphia, in charge 
of sales. He becomes an _ Institute 
member on an individual basis. 


For five years Mr. MacBride was 
with the Portland Cement Association 
as field Engineer; later was district 
engineer in charge of the Philadelphia 
office. He became associated in 1924 
with the International Cement Corp. 
as assistant general sales manager, 
then vice-president of subsidiary com- 
panies in Indiana and Pennsylvania. 


Puzzle-anas | 


Under this heading will appear from 
time to time one or more selected prob- 
lems submitted by readers of the 
JournaL. The Editor would welcome 
a definite expression of interest in the 
column, pro or con. If problems give 
rise to a considerable number of in- 
quiries, solutions will be published, 
otherwise answers will be mailed indi- 
vidually only to those who request | 
them. | 


How is Your Arithmetic? 


The number 7 (8.1416) is very 
nearly 3-1/7. Find the common 
fraction having two digits in its 
denominator, which, replacing 1/7 in 
the approximate value of 3-1/7, gives 
the closest approximation to the true 
value of x. 


How is Your Geometry? 


A rectangular plat, 80 ft. by 100 ft., 
is bounded by concrete walks. The 


400° 














traffic is such that it is desirable to 
put in a cross walk 5’ wide, as shown. 
How many square yards of concrete 
will be required for the diagonal walk? 


HHow is Your 
Algebra (and Geom- 
etry)? 


In a paved alley , 
between two build- 
ings, three ladders, 
10, 20 and 30 feet 
long, respectively, : 
were found to fit Q 
as shown. How 








wide is the alley? 
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Sanford E. Thompson 


Probably most members of the 
American Concrete Institute, have 
some vocation or avocation distinct 
from their interest in concrete. This is 
true of Col. ‘Sanford E. Thompson, an 
Honorary Member of the Institute, 
now in England attending the Oxford 
Management Conference, representing 
the International Industrial Relations 
Institute. He carries greetings to this 
international management conference, 
held semi-annually at Oxford, Eng- 
land, from the American Society of 
Mechanical Engineers, The Taylor 
Society, and the American Manage- 
ment Association. A round table 
discussion on “Optimum Productivity” 
will be held under Col. Thompson’s 
guidance. 

Colonel Thompson pioneered in both 
concrete and scientific management 
and has an international reputation in 
both fields. He is an honorary member 
of several European management so- 
cieties. It was from his studies apply- 
ing scientific management to con- 
struction that he first became interested 
in concrete and its possibilities and 
there resulted the first edition of 
“Concrete, Plain & Reinforced” so 
well known to all the earlier students 
of concrete. While in Europe on this 
trip he expects to give some time to 
studying housing developments and 
the use of ready-mixed concrete abroad. 


M.I. T. summer course on 
strength of materials 


The Massachusetts Institute of 
Technology announces a special sum- 
mer program and conferences on 
strength of materials, in Cambridge, 
Mass., June 13 to July 8. Among the 
lectures on concrete are the following: 
“Chemical Composition and Potential 
Characteristics’ and “Heat of Hydra- 
tion and Its Effect,” by Prof. Roy W. 
Carlson; “Effect of Aggregates on 
Concrete Strength and Durability,” 
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and “‘Modern Methods of Mixing and 
Placing and Effect on Strength and 
Durability,” by Miles N. Clair; ‘‘Geo- 
logical Aspects of Concrete and Aggre- 
gates” by E. C. Eckel; “Properties and 
Comparisons of Aggregates,” by P. J. 
Freeman; “Applications of Present 
Cement Theory to Practical Conditions 
and Factors Affecting Strength and 
Durability in Concrete,” by W. C. 
Voss. Included in a series of lectures 
on strength problems more or less in 
general are these: ‘Structural Prob- 
lems,” by H. M. Westergaard; ““Theory 
of Strength” by C. A. MacGregor; 
“Effect of Volume Change,” by W. C. 
Voss; ‘“‘Use of Models,” J. B. Wilbur 
and W. M. Murray; “Micro-Structure 
of Concrete’ W. C. Voss; ‘‘General 
Summary of Strength Problem,” J. M. 
Lessells. 


A. S. T. M. tentative 
standards 


The American Soeiety for Testing 
Materials has recently issued the 
following tentative specifications and 
test methods: Tentative specifications 
for: Lightweight Aggregate for Con- 
crete (C 130-37T); Concrete Units for 
Non-Load Bearing Masonry (also 
methods of test) (C129-37T); Standard 
Sizes of Coarse Aggregate for Highway 
Construction (D448-37T); Asphalt for 
Damp-proofing and Waterproofing 
(D449-37T); Coal-Tar Pitch for Roof- 
ing, Damp-proofing and Waterproofing 
(D450-37T); and Tentative methods 
of: Test for Abrasion of Coarse Aggre- 
gate by Use of the Los Angeles Machine 
(C131-37T); Testing Asphalt Roll- 
Roofing, Cap Sheets and Shingles 
(D228-37T); Test for Coarse Particles 
in Mixtures of Asphalt and Mineral 
Matter (D313-37T). 

Their issuance provides an oppor- 
tunity to comment and to submit 
criticisms for the purpose of insuring, 
when finally adopted, an adequate 
standard. 








cians Oe Ee” 


SIE RE RRR 


+E, 

















A. C.I. News Letter 25 


584 Registered at 34th 
Annual Convention 
Chicago, Feb. 22-24, 1938 


(An asterisk * designates a member) 


*Affieck, B. F., 210 So. La Salle St., Chicago’ 
Ill. 
Albert, R. Edward, 146 Crest Rd., Glen 
Ellyn, Il. 
Albright, Chilton, Swift & Co., Union Stock 
Yards, Chicago, IIl. 
Alder, J. W., Moulding Brownell Corp., 228 
No. La Salle St., Chicago, Il 
*Alexander, E. C., Massey Concrete Products 
Corp., 122 S. Michigan Ave., Chicago, Ill 
*Alexander, J. B., Southwestern P. C. Co., 
Osborn, Ohio 
*Allan, W. D. M., Portland Cement Assn., 
Chicago, Ill 
Allison, M. S., Federal American Cement 
Tile Co., Chicago, Il. 
Amramy, Aaron, Lewis Institute, Chicago, Ill 
Allen, Greer A., U. S. Engineer Office, St 
Louis District, 806 Federal Bldg., St 
Louis, Mo 
Anderson, Louis I., Commonwealth Edison 
Co., 72 W. Adams St., Chicago, Il 
Anderson, T. J., Lehigh P. C. Co., Chicago, 
Ill. 
Andes, R. V., Universal Atlas Cement Co., 
3uffington, Ind 
Antenbring, C. V., Cowen & Co., Winnipeg, 
Can 
Anthon, H.S., Armour Inst. of Tech., Chicago, 
Ill 
Arn, W. G., Illinois Central R. R., Chicago, 
Ill 
*Arndt, A. F., Humboldt Mfg. Co., Chicago, 
Il 
Ashton, Fred W., Universal Atlas Cement 
Co., Buffington, Ind 
Ason, Thomas, Universal Atlas Cement Co., 
suffington, Ind 
Baker, J. Wm., Chicago Tech. College, 
118 E. 26th St., Chicago, Ill 
*Ball, Chas. F., Chain Belt Co., Milwaukes 
Wise 
Baltz, Walter F., 4145 Sheridan, Chicago, II] 
*Bates, P. H., Nat. Bur. of Standards, Wash- 
ington, D.C 
*Bauer, E. E., Univ. of Illinois, Urbana, II] 
Bauerle, R. K., Univ. of Illinois, Chicago, Il 
Baugher, B. O., Massey Concrete Products 
Co., 122 S. Michigan Ave., Chicago, Ill 
Bechtel, C. T., Universal Atlas Cement Co 
Chicago, Ill 


Beeman, Mark, Concrete Reinf. Steel Inst. 


291 N. Wells St., Chicago, Ill 


Beggs, Norman, Illinois State Highway Dept., 


35 E. Wacker Drive, Chicago, II. 


Every square inch of rail steel 
reinforcement provides not less 
than 50,000 pounds of useful 
elastic strength which may be 
applied to design economy or 
safety or both. In the trend 
to high-elastic-limit materials 
this basic property of rail steel 
cannot be overlooked. Rail 
steel is specified by referring to 
A.S.T.M. Specification A 16-35 
or to Federal Specification OQ- 
B-71. Detailed information 
may be obtained by writing the 


Rail Steel Bar Association 
Builders Building, Chicago 


RAIL STEEL 


for concrete 
reinforcing 
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Beinhauer, Frank H., Swift and Co., Union 
Stock Yards, Chicago, III. 

Beitlich, A. E., 
Chicago, IIl. 
Bentz, C. L., Sanitary District of Chicago, 

910 S. Michigan, Chicago, Ill. 
*Bennett, J. Gardner, Lewis Institute, Chicago, 
Il. 
Bennett, W. C., 320 W. Madison St., Chicago, 
Ill. 
Berscherd, John J., Universal Atlas Cement 
Co., Chicago, Ill. 
Berglund, Eric, Sanitary Dist. of Chicago, 
3172 Pinegrove Ave., Chicago, II. 
Bertelson, Thos. E., Universal Atlas Cement 
Co., Chicago, Il. 
*Bigelow, W. W., Beloit College, Beloit, Wisc. 
*Bigler, H. P., Rail Steel Bar Assn., 228 N. 
La Salle St., Chicago, IIl. 
Black, John W., New York Life Bldg., Minne- 
apolis, Minn. 
*Blackmore, G. C., Northwestern States P. C. 
Co., Mason City, Ia. 

*Blank, Alton J., Cementos Atoyac, S. A., 
Apartado 232, Puebla, Puebla, Mexico. 
*Blanks, Robert F., Bureau of iieclamation, 

Custom House, Denver, Colo. 
Bleeker, H. E., Roberts & Schaefer Co, 
Wrigley Bldg., Chicago, III. 
*Boase, A. J., Portland Cement Assn., Chicago, 
Ill. 
Bock, Fritz L., Armovr Inst. of Tech., Chicago, 
Ill. 
*Boulton, H. 8., Kalman Floor Co., Chicago, 
Ill. 
*Bowlby, H. L., 429 Arlington Place, Chicago, 
Ill. 
*Bradbury, R. D., Wire Reinforcement Inst., 
Washington, D. C. 
*Bragger, E. Y., Shawomet, R. I. 
*Brassert, Walter, Concrete Silo Co., Bloom- 
field, Ind. 
Brault, Lawrence E., Oak Park, Ill 
*Brock, A. 8., Portland Cement Assn., Chicago, 
Ill. 
Brockob, R. L., Royal L. Brockob Constr. Co., 
815 S. Cicero Ave., Chicago, Il. 
Brodt, Harry S., Crane Co., 836 S. Mich. Ave., 
Chicago, Il. 
Brookman, Jr. Louis, “Concrete,” 400 W. 
Madison St., Chicago, Il. 
Brown, Byron E., Chicago Technical College, 
118 E. 26th St., Chicago, Il. 
Brown, Paul V., Rush Engrg. Co., 135 S. 
La Salle St., Chicago, Ill. 
Brownyard, Theodore, Portland Cement 
Assn., Chicago, II. 
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Brundage, Chester L., Avery Brundage Co., 
Chicago, Ill. 

*Bryant, L. N., Pittsburgh Coke & Iron Co., 
Neville Island, Pittsburgh, Pa. 

Bugielski, Joseph, Armour Inst. of Tech., 
Chicago, Ill. 
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Bullen, C. A., W. S. Bellows Constr. Co., 
Houston, Texas. 
Bullen, C. H., Mid-West Concrete Pipe Co 
228 N. La Salle St., Chicago, Ill. 
*Burggraf, F., Calcium Chloride Assn., 4145 
Penobscot Bldg., Detroit, Mich. 
Burke, L. L., Mid-West Concrete Pipe Co., 
Chicago, Il. 
Butler, Alfred, Sanitary Dist. of Chicago, 910 
S. Michigan Ave., Chicago, Ill. 
*Caldwell, Wallace L., Aerocrete Western 
Corp., 737 N. Michigan Ave., Chicago, Ill 
*Campbell, 8S. A., Ridge Const. Corp., Ro- 
chester, N. Y. 
*Capouch, M. E., American Steel & Wire Co. 
208 So. La Salle St., Chicago, Ill 
Capp, Frank W., Portland Cement Assn., 
Chicago, Ill. 
*Carlisle, W. C., Toledo Vitrified Brick Co., 
1220 Madison St., Toledo, Ohio. 
Carlson, E. C., Armour Inst. of Tech., Chicago, 
Til. 
Carlson, Harry, U. S. Engineer Office, 615 
Commerce Bldg., St. Paul, Minn. 
*Carlson, Roy W., Mass. Inst. of Tech., Cam- 
bridge, Mass. 
Carter, John L., Geo. A. Fuller Co., 111 W. 
Washington St., Chicago, Il. 
*Caughey, R. A., lowa State College, Ames, Ia 
Chaderton, J. C., Armour Inst. of Tech., 
Chicago, Ill. 
*Chubb, J. H., Penn-Dixie Cement Corp., 60 
E. 42nd St., New York, N. Y 
*Clair, Miles N., Thompson & Lichtner Co., 
620 Newbury St., Boston, Mass. 
Clagett, Wm. H., Jr., U. S. Bur. of Reclam- 
ation, Grand Coulee Dam, Wash 
*Clark, Arthur P., Bethlehem Steel Co., 
Bethlehem, Pa. 
*Cleary, J. M., Roches, Williams & Cunnyng- 
ham, 310 S. Michigan Ave., Chicago, Il 
Cleveland, J. W., Universal Atlas Cement Co., 
Chicago, II. 
Clore, R. H., Universal Atlas Cement Co., 
Chicago, Il. 
Coburn, Maurice, Waterproofing Co. In 
437 Orleans St., Chicago, Il. 
Cochran, Frank Lee, 2222 Orrington Ave., 
Evanston, Ill. 
*Coffman, Herbert, Hercules Cement Corp., 
1700 Walnut St., Philadelphia, Pa 
*Colburn, D. S., Marquette Cement Mfg. Co., 
140 S. Dearborn St., Chicago, Ill 
*Collier, T. F., 
Chicago, III. 
Collier, Thos. Armour Inst. of Tech., Chicago, 
Ill. 
Collins, D. R., Buchen Company, 400 W. 
Madison St., Chicago, Ill 
*Collins, H. G., Lehigh P. C. Co., Allentown, Pa 
*Comess, Sam, Mid-West Engrg. Co., 1229 
W. 2nd St., Davenport, Ia 
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A MATTER 


OF FORM 


A concrete building is largely a matter of forms: that is to 
say, forms are built, set and filled with concrete; then the job 
stands still for a week or longer, waiting for concrete to become 
self-supporting, so forms can be stripped and re-assembled. 


That is why, on many buildings, ‘Incor’ 24-Hour Cement 
shows substantial net savings; because ‘Incor’ cures or hardens 
in one-fifth the usual time, so concrete is self-supporting days 
sooner. Hence, forms are released faster, and one form-set 
does the work of two or three; while faster erection time means 
reduced job overhead as well. 


‘Incor’* costs a little more, because it is a more thoroughly 
processed Portland cement; so it is simply a question of whether 
the savings produced exceed the slight extra cost. 


On some jobs, ‘Incor’s 24-hour service strength shows maxi- 
mum economies; on others, Lone Star is the better buy. It 
pays to estimate each job carefully, to be sure you get the 
lowest overall cost of time, forms and cement. 


Write for a copy of “Cutting Concrete Costs,” which gives 
a quick, easy way to find the lowest-cost schedule. Contractors’ 
own figures show net savings of 38¢ to $1.49 a cu. yd. of con- 
crete with this method. Lone Star Cement Corporation, 
Room 2222, 342 Madison Avenue, New York. 


*Reg. U.S. Pat. OF. 


LONE STAR CEMENT CORPORATION 


MAKERS OF LONE STAR CEMENT - - - ‘INCOR’ 24-HOUR CEMENT 








Condron, T. L, Condron & Post, 53 W. 
Jackson Blvd., Chicago, Ill. 
*Conrow, A. D., Ash Grove Lime & P. C. Co. 
Chanute, Kan. 
*Coolidge, W. A., Vanderbilt Univ., Nashville 
Tenn. 
Cooper, Geo. A., Chain Belt Co., Milwaukee 
Wise. 
Copeland, R. E., 
Chicago, III. 
*Corbett, W. E., Corbett Concrete Pipe Co. 
Milford, Mass. 
Cordiner, Wm. S., Cook County Hwy. Dept. 
Chicago, Ill. 
Corning, L. H., Portland Cement Assn., 
Chicago, Ill. 
*Cottingham, W. S., Univ. of Wisconsin, 310 
Engrg. Bldg., Madison, Wisc. 
Coughlen, G. C., Universal Atlas Cement Co., 
Chicago, Ill. 
Cowan, Walter E., Jas. Stewart Corp., 343 
So. Dearborn St., Chicago, Ill. 
Craig, Harry A., Universal Atlas Cement Co., 
Chicago, Il. 
*Crepps, Ray B., Purdue University, W 
LaFayette, Ind. 
Crowe, Eva S., Certified Concrete Inc., 3868 
Michigan Ave., E. Chicago, Ind. 
*Crum, R. W., Highway Research Board, 2101 
Constitution Ave., Washington, D. C. 
*Crysler, R. A., Canada Cement Co. Ltd., 
Montreal, Que. 
*Cummings, A. E., Raymond Concrete Pile 
Co., 111 W. Monroe St., Chicago, II. 
Dahl, Louis A., Portland Cement Assn., 
Chicago, Ill. 
Davidkhanian, A. 8., Armour Inst. of Tech., 
Chicago, Ill. 
Davidson, Harold N., 1400 E. 53rd St., 
Chicago, Ill. 
Davis, Howard, Besser Mfg. Co., Alpena, 
Mich. 
Davis, Clayton L., Universel Atlas Cement 
Co., Chicago, Il. 
*Davis, G. E., Marquette Cement Mfg. Co., 
140 S. Dearborn St., Chicago, Il] 
*Davis, Raymond E., Univ. of California, 
Berkeley, Calif. 
Dawley, E. R., Kansas State College, Man- 
hattan, Kan. 
Dawson, L. R., Universal Atlas Cement Co., 
Gary, Ind. 
DeBerard, W. W., Engineering News Record, 
520 No. Michigan Ave., Chicago, Ill. 
Decker, David A., Ul. Concrete Pipe Assn., 
228 No. La Salle St., Chicago, III. 
*Deinboll, F. K.,N. Y. C. R.R., Cleveland, Ohio. 
Dell, G. H., Univ. of Illinois, 201 Engineering 
Hall, Urbana, Ill. 
*Devine, B. F., Chain Belt Co., Milwaukee, 
Wis. 
Dieckmann, George P., North Western 
States P. C. Co., Mason City, Ia. 
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Dienhart, E. W., Portland Cement Assn., 
Chicago, Il. 
Dietrich, E. W., Stewart Warner Corp., 171414 
Juneway Terrace, Chicago, Ill. 
Dietrich, Werner G., Roberts & Schaefer Co., 
Wrigley Bldg., Chicago, Ill. 
Dittus, Robert, Lewis Institute, Chicago, II. 
Dodds, Robert H., McGraw-Hill Pub. Co., 
330 W. 42nd St., New York, N. Y. 
*Douglass, A. S., The Detroit Edison Co., 
Detroit, Mich. 
*Douthett, C. L., 
Waterloo, Ia. 
Dowdall, E. J., Universal Atlas Cement Co., 
Chicago, Ill. 
Dresser, J. G., Carnegie Ill. Steel Co., 3400 
E. 83rd St., Chicago, Ill. 
*Dunagan, W. M., 160 No. Hyland, Ames, 
Iowa. 
Dundas, F. C 
Chicago, Ill. 
Dunham, Geo. W., Waterloo Concrete Co 
Waterloo, Ia. 
Dunham, H. M., Marquette Cement Co., 140 
S. Dearborn St., Chicago, Il. 
*Dwyer, J. R., Nat. Bur. of Standards, Wash- 
ington, D.C. 
*Earley, John J., 1710 Lamont St. N. W., 
Washington, D. C. 

Ebert, W. A., 
Chicago, Ill. 
Ebling, E. E., Bethlehem Steel Co., 400 No. 

Michigan, Chicago, IIl. 
Eckert, Mrs. R. T., Woodstock, II. 
Eder, Chas. A., Penna. State College, State 
College, Pa 
Edholm, W. L., Continental Can Co. Inc., 
4633 W. Grand Ave., Chicago, II. 
Edlund, L. L., Armour & Co., Union Stock 
Yards, Chicago, Ill. 
*Edwards, Harlan H. 225 E. 11th St., Clare- 
mont, Calif. 

Egan, John, 3556 W. 61st St., Chicago, Il. 
*Eichenlaub, A. C 
Detroit, Mich. 
Elder, D. I., Universal Atlas Cement Co., 
Chicago, Ill. 
Ellison, R. J., 
Chicago, II. 
Elmquist, F. G., C. M. St. P. & P. RR., 

809 Union Station, Chicago, Ill 
*Emerson, H. B., Lehigh P. C. Co., Chicago, Ill. 


Waterloo Concrete Co., 
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Peerless Cement Corp., 
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*Emery, S. A., U. S. Engr. Office, Cincinnati, 
Ohio. 

Emig, John W., 1406 Chicago Ave., Evans- 
ton, Ill. 


*Engel, W. L., 6251 Blackstone Ave., Chicago, 
Ill. 


Enger, M. L., Univ. of Illinois, Urbana, II. 


Ensz, Herbert, Armour Inst. of Tech., Chi- 
cago, Il. 

*Epstein, A., 2001 W. Pershing Road, Chicago, 
Ill. 
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Eriksen, E., Canadian Nat. Rys., 49 Melrose 
Ave., Toronto, Ont. 
*Everhart, C. C., Moville, Ia. 
*Farley, A. V., Steel Co. of Canada Ltd., 
Hamilton, Ont. 
Feddeler, Melvin E., Ce-Mas-Co. Floor Co 
549 W. Washington St., Chicago, II. 
Fensterle, Ray, Chicago Park Dist., Burnham 
Park, Chicago, II. 
*Ferguson, Phil M., Univ. of Texas, Box 1729, 
Austin, Texas. 
*Ferrell, K. P., Dewey P. C. Co., Davenport, 
Ia. 
Fischer, T., Lock Joint Pipe Co., 6601 W. 
66th Pl., Chicago, Ill 
Fixmer, H. J., City of Chicago, 207 City Hall, 
Chicago, Ill. 
Fleck, Paul G., 1050 Des Plaines Ave., 
Forest Park, Ill. 
*Fleming, T. H., Concrete Transport Mixer 
Co., 650 Rosedale Ave., St. Louis, Mo 
Flewelling, K. G., Universal Atlas Cement Co., 
Buffington, Ind. 
Flodin, H. L., 
Chicago, Ill. 
Flood, Thos. H., Walter H. Flood & Co., 
822 E. 42nd St., Chicago, Ill 
Fox, J. J., Missouri P. C. Co., 3615 Olive St., 
St. Louis, Mo. 
Francoeur, Donald E., Lynn Sand & Stone 
Co., Swampscott, Mass. 
Freeman, J. E., Public Service Co. of No. Ill.. 
72 W. Adams St., Chicago, Ill 
*Freeman, P. J., T. V. A., Knoxville, Tenn. 
Freeman, William, 2628 Rice Street, Chicago, 
Ill. 
*Fruchtbaum, J., Reecon Co., 315 Root Bldg., 
Buffalo, N. Y 
*Gaither, J. T., Certified Concrete, Inc., 3868 
Michigan Ave., E. Chicago, Ind. 
Galke, R. G., Sanitary Dist. of Chicago, 
910 So. Michigan Ave., Chicago, III. 
Ganolis, Andrew, City of Chicago, 1920 
Fletcher, Chicago, Ill 
*Gardiner, Lion, Jaeger Machine Co., Colum- 
bus, Ohio. 
*Gardner, Guy O., Ash Grove Lime & P. C. Co., 
Chanute, Kan 
Georgeff, M. K., 3315 Cuyler Ave., Chicago, 
Ill. 
Germundsson, Thor, Portland Cement Assn., 
Chicago, III. 
Gibbs, A. V., General Constr. Equip. Corp., 
1018 S. Wabash Ave., Chicago, III. 
Gibbons, J. T., Chicago Great Western RR.., 
Des Moines, Ia. 
Gibson, E. L., Cowham Eng. Co., 111 W. 
Monroe St., Chicago, Ill. 
*Gilkey, H. J., Iowa State College, Ames, Ia. 
Goedjen, Merle, Commonwealth Edison Co., 
72 W. Adame St., Chicago, Ill. 
*Goldbeck, A. T., Nat. Crushed Stone Assn., 
1735 14th St., Washington, D. C. 


, 
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*Gonnerman, H. F., Portland Cement Assn., 
Chicago, Ill. 

Gordon, L. M., Lewis Institute, Chicago, IIl. 

*Gosswein, O. H., Universal Atlas Cement Co., 
Chicago, Ill. 

Gould, Harry, 139 No. Clark St., Chicago, Ill. 

*Gould, S. G., Missouri Portland Cement Co., 
St. Louis, Mo. 

Graber, Ray, Mid-West Concrete Pipe Co., 
Chicago, Ill. 

Green, W. J., U. S. Engr. Office, Peoria, Il 

Grenman, Bertel, Armour & Co., Union 
Stock Yards, Chicago, IIl. 

Griesenauer, Geo. J.,C. M. St. P. & P. Ry. Co., 
Chicago, Il. 

Griffenhagen, P. F., Lieberman & Hein, 190 
N. State St., Chicago, II. 

Grinter, L. E., Armour Inst. of Tech., Chi- 
cago, Ill. 

*Groll, Philip A., 102 Porter St., Oglesby, Il. 

*Gurney, Wm. W., Madison Silo Co., 1056 W. 
7th St., Winona, Minn. 

Hansen, H. J., C. M. St. P. & P. R. R., 809 
Union Station, Chicago, Ill 

*Hallenbeck, Geo. S., Hallenbeck Insp. & 
Testing Laboratory, Buffalo, N. Y. 

*Hardesty, J. M., Bell Telephone Lab., 463 
West St., New York, N. Y. 

Harger, Kendrick, State Highway Dep’t of 
Til., Chicago, Ill 

Harris, Chas. W., Armour Inst. of Tech., 
Chicago, Il. 

Hartz, William C., Hamilton Co. Engineer's 
Office, 225 Court House, Cincinnati, Ohio 
*Hatt, W. K., Purdue University, Lafayette, 

Ind. 
Hayes, Harold, O., ‘“‘Concrete,,” 400 W. 
Madison St., Chicago, III. 
Heald, H. T., Armour Inst, of Tech., Chicago, 
Ill 
*Heitman, R. H., Univ. of Illinois, Urbana, III. 
Henry, Murray H., Pittsburgh Testing 
Laboratory, 223 W. Hubbard St., Chicago, 
Ill. 
*Henson, H. L., Peerless Cement Corp., 1144 
Free Press Bldg., Detroit, Mich. 
Hess, F. A., Chicago River & Ind. RR. Co., 
408 LaSalle St. Sta., Chicago, Il. 
Hess, E. E., Universal Atlas Cement Co., 
Buffington, Ind. 
Hicks, T. A., Universal Atlas Cement Co., 
Chicago, Ill. 
*Hindman, R. B., Lehigh P. C. Co., Indian- 
apolis, Ind. 
*Hirschberg, W. P., Federal Eng. Co., 720 N. 
Jefferson St., Milwaukee, Wis. 
*Hjerpe, A. E., Cowham Eng. Co., Rm. 920, 
111 W. Monroe, Chicago, IIl. 
Hoblit, W. A., Universal Atlas Cement Co., 
Chicago, Il. 
Holinger, A. C., Armour & Co., Un’on Stock 
Yards, Chicago, Il. 
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*Hubbard, Fred, Standard Slag Co., 1200 City 
Bank Bldg., Youngstown, Ohio. 
*Hubler, J. W., Purdue Univ., W. Lafayette, 
Ind. 
Huddleston, Frank, 140 So. Dearborn St., 
Chicago, Ill. 
*Hughes, C. A., Univ. of Minnesota, Minne- 
apolis, Minn. 
*Hughes, H. Walter, City of Rochester, 34 
Court St., Rochester, N. Y. 
Hughes, T. L., Lehigh P. C. Co., Chicago, Ill. 
*Huntly, Phil C., Armour Inst. of Tech., 
Chicago, Ill. 
Huspek, L. L., Universal Atlas Cement Co., 
Buffington, Ind. 
*Hutchinson, G. W., Raleigh, N. C. 
Hyde, George A., Commonwealth Edison Co., 
3501 N. California Ave., Chicago, Ill. 
Ipsen, Mogens, City Hall, Rockford, IIL. 
*Irwin, O. W., Carnegie Ill. Steel Co., Pitts- 
burgh, Pa. 
Itschner, E. C., U. S. Engineers, 831 U. S. 
Court House, St. Louis, Mo. 
Iverson, Dan J., 4102 Crystal St., Chicago, Ill. 
*Jackson, F. H., U. 8. Bur. of Public Roads, 
Washington, D. C. 
Jacobs, W. H., Consumers Co. of Illinois, 
111 W. Washington St., Chicago, III. 
*Jensen, V. P., Univ. of Illinois, Urbana, IIl. 
Jensen, R. J., Alpha Portland Cement Co., 
165 W. Wacker Drive, Chicago, III. 
Jones, Walter E., Concrete Prod. Corp., 667 
Wyoming Ave., Buffalo, N. Y. 
*Johnson, Robt. C., Boynton & Johnson, 
Fond du lac, Wisc. 
*Johnson, C.S., C. S. Johnson Co., Champaign, 
Til. 
Johnson, Carl O., Bridge Div., City of Chicago, 
Chicago, Ill. 
Johnson, C. H., Benson Concrete Co., 5103 
W. Lake St., Chicago, IIl. 

Johnson, Stanley J., Armour Inst. of Tech., 
Chicago, II. 
*Kaiser, W. G., 
Chicago, IIl. 
Kammer, H. A., Am. Gas & Elec. Co., 30 

Church St., New York, N. Y. 
*Karez, Michael J., 4131 Dickinson Ave., 
Chicago, Il. 
Karninsky, Geo., Universal Atlas Cement Co., 
Buffington, Ind. 
Katz, A. A., 2302 W. Chicago Ave., Chicago, 
Ill. 
*Kaufman, R. R., Master Builders Co., Cleve- 
land, Ohio. 
*Keatinge, Paul F., Universal Atlas Cement 
Co., Chicago, Ill. 
Keelor, Ralph P., Marvik Corp., 2722 Grant 
Bldg., Pittsburg, Pa. 
*Keller, N. E., Deere & Co., Moline, Ill. 
*Kellermann, W. F., Bur. of Public Roads, 
Washington, D. C. 
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Kelly, Howard, Armour Inst. of Tech., 
Chicago, Dl. 

*Kelly, J. W., Univ. of California, Berkeley, 
Calif. 

*Kennedy, J. W., Huron Portland Cement Co., 
Detroit, Mich. 

King, A. W., 6959 Hilldale Ave., 
Ill. 

Kirz, Benjamin, Armour Inst. of Tech., 
Chicago, Ill. 

*Klassy, K. H., Lehigh P. C. Co., Minneapolis, 
Minn. 
*Klein, W. H., Penn.-Dixie Cement Corp., 
Nazareth, Pa. 
*Klock, Morgan B., 
Rochester, N. Y. 
*Kluge, R. W., Univ. of Illinois, Urbana, IIl. 
*Knight, Theodore C., Kelley Electric Machine 
Co., Buffalo, N. Y. 

Knudsen, H. B., Chicago Tech. College, 118 
E. 26th St., Chicago, II. 

Koch, Fred J., Mid-West Concrete Pipe Co., 
228 N. La Salle St., Chicago, Ill 

Kohout, Geo. W., City of Chicago, Chicago, 
Ill 

*Kolinski, M. C., Central Ready Mixed Con. 
Co., Milwaukee, Wisc. 

Kozlowski, Edward, Lewis Institute, Chicago, 
Ill. 

*Kushing, John W., Highway Steel Products 
Co., Chicago, Hts., Ill 


Chicago, 


Eastman Kodak Co., 


Ladd, C. H., American Can Co., 104 So 
Michigan Ave., Chicago, Ill 
Lange, A., Master Builders Co., 3548 8S 


Grand Ave., St. Louis, Mo 
Lappas, Frank, Lewis Institute, Chicago, Ill 
Larabee, Frank, Universal Atlas Cement Co., 
Chicago, Ill. 
*Large, George E., Ohio State Univ., Columbus, 
Ohio 
Larson, E. M., Mall Tool Co., Chicago, Ill 
*Larson, Guy H., 2414 LaFollette Ave., Madi- 
son, Wisc. 
Lasch, Harry, National Fireproofing Corp., 
208 W. Washington St., Chicago, IIl 
*Latham, C. H., 31 Brookhouse Drive, Marble- 
head, Mass. 
*Laffler, Ralph, R., Sanitary Dist. of Chicago, 
Chicago, Ill. 
Leh, Howard H., Keystone Portland Cement 
Co., Bath, Pa. 
Lemke, Arthur A., Lewis Institute, Chicago, 
Ill 
*Lepper, Henry A. Jr., Univ. of Illinois, 
Urbana, II. 

Levinson, Martin C., Sanitary Dist. of Chi- 
cago, 910 S. Michigan Ave., Chicago, Il 
*Levison, Arthur A., Blaw Knox Co., Pitts- 

burgh, Pa. 
Lewis, J. W., American Concrete Corp., 
4727 N. Lamon Ave., Chicago, II. 
Lichtenberg, E., Koehring Co., 
Wisc. 


Milwaukee, 





Soap nee 
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Lidicker, W. Z., U. S. Engineer Office, 615 
Commercial Bldg., St. Paul, Minn. 
Limbach, Wilton G., Southwestern P. C. Co., 
Osborn, Ohio. 
Lindahl, R., Celotex Corp., 919 N. Mich. Ave., 
Chicago, Ill 
*Lindau, A. E., 205 W. Wacker Drive, Chicago, 
Ill. 
*Lindsay, G. L., Universal Atlas Cement Co., 
Chicago, Ill 
Lipp, M. C., Portland Cement Assn., Chicago, 
Ill 
*Lockhardt, W. F., Vacuum Concrete Corp., 
30 Rockfeller Plaza, New York, N. Y. 
*Logeman, R. T., American Bridge Co., 208 
S. La Salle St., Chicago, Ill 
Loghry, L. I., Superior Cement Corp., Ports- 
mouth, Ohio. 
*Long, B. G., War Dept., U. S. Engrs., Cin- 
cinnati, Ohio 
Long, Geo. F., Inland Steel Co., 38 S. Dear- 
born St., Chicago, IIl. 
*Lord, Arthur R., 6th Floor, Merchandise 
Mart, Chicago, Il 
Loring, H. C., Alpha P. C. Co., Easton, Pa. 
Lucas, J. W., Dept. Pub. Works, Testing 
Laboratories, Ottawa, Canada 
*Lumpkin, L. E., Marquette Cement Mfg 
Co., Little Rock, Ark. 
Lund, C. O., C. M. St. P. & P. RR., 809 
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A Challenge—Shorten the Lag Between 
Research and Practice* 


By FRANK T. SHEETST 


MEMBER AMERICAN CONCRETE INSTITUTE 


THE ILL 

One of the greatest ills of the engineering profession is the long 
lag between research and practice—the time elapsing between the 
discoveries and findings of research and their general acceptance and 
application by engineering practitioners. 

THE CAUSE 

The primary cause of this ill is lack of interpretation and lack of 
selling of the fruits of research. 

THE CURE 

As we cast about for a cure for this ill, it seems necessary that we 
bring to bear on the case: 

(1) Frank analysis of the existing situation; (2) Correction of 
present evils; (3) Development of improved procedure. 

As I approach the discussion of this subject and take upon myself 
the role of a doctor, prescribing for the ills of a patient, I resort to the 
doctor’s prerogative of saying, ‘‘Do as I say, not as I do,’’ because in 
my own experience in research and in engineering practice I must 
plead guilty to many of the charges and many of the shortcomings 
which I shall herein discuss. 

Further, I mean to be kindly, constructive and impersonal. Sin- 
cerity should not give offense. 


*An address at the 34th Annual Dinner of the American Concrete Institute, February 23, 1938 
tPresident, Portland Cement Association, Chicago 
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PRACTICE 


If we make a painstaking survey of current engineering practice, 
we are forced to admit that it lags away behind the knowledge which 
has been developed from research and scientific analysis. This applies 
generally throughout the entire field. Examples occur in the road 
field, in the structural field, and in many others. Building codes, 
for example, frequently prescribe narrow limits, within which the 
practitioner must prepare his designs, and yet many building codes 
are obsolete in the light of present day knowledge. 


PRACTITIONERS 


Before we can expect the findings of research to be adopted and 
made a part of current engineering practice, it is necessary that they 
be understood, absorbed, and molded into a form usable by the prac- 
titioner. Therefore, in taking up the challenge to shorten the lag 
between research and practice, it is reasonable that we look at the 
practitioners and see what manner of men comprise this group. Among 
them we find: 

1. Busy executives, scientifically inclined, open-minded, but too 
busy to delve into research details; 

2. Busy executives, non-scientific in instinct, impatient of detail 
and given to direct action; 

3. The closed-minded individuals, self-sufficient in their own 
knowledge, who are inclined to pooh-pooh any proposition, with which 
they are not acquainted, as abstract theory; 

4. The so-called practical engineers, scoffing at any problem involv- 
ing more than arithmetic and simple equations; 

5. The know-it-alls; 

6. The do-it-the-way-we-learned-in-school crowd; 

7. The copy cat, tradition-loving, mentally lazy flock; 

8. The very, very few who are just plain dumb; 

9. The smart, open-minded searchers for better things. 

To this composite and widely varying crew, the fruits of research 
must be interpreted and sold. 


RESEARCH 


As we approach the problem of interpreting and selling the fruits 
of research to the practitioner, it might be well to pause and consider 
what is research? To my mind, it may be best defined as the honest, 
intelligent, painstaking search for useful truth. As such, it exists 
for the good it produces; and any activity carried on as mental gym- 
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nastics, for entertainment and pleasure alone, or for the personal 
aggrandizement of individuals, does not come within this definition, 
and cannot be dignified by the name research. In its higher sense, 
research is a sacred trust. It must be entrusted to those high-minded, 
self-sacrificing, conscientious individuals who will regard it as such, 
and who will realize their responsibility to their fellow members of 
the engineering profession. 


RESEARCHERS 


We have already discussed the complex group called practitioners. 
It is equally pertinent to take the researchers apart and see who they 
are. As we do so, we find that the researchers are made up of: 

1. Inhabitants of the technical stratosphere—men who think so 
deeply in their particular field that rather complicated statements 
seem simple to them, and who are not conscious of being profound 
“who could not if they would,” talk the language of the practitioner; 

2. Cloud riders—not quite so abstract or profound in their think- 


ing and utterances as the stratospherists, but still difficult for the. 


practitioner to follow; 

3. Technical adventurers, engaging in research mainly for the fun 
of it, largely indifferent to responsibility of interpreting results and 
completing investigations, and constantly looking for new fields to 
conquer; 

4. The technical snobs—thank heaven they are few—who like to 
talk a ten cent idea in ten dollar language, thus impressing the unin- 
formed with their profound minds; 

5. The self-advertisers, thinking of research primarily as a ladder 
to personal success; 

6. The conscientious thinkers; 

The unselfish servers of fellow engineers; 


~J 


8. The rare species, who simultaneously contribute unselfishly, 
think deeply, conclude soundly, talk simply. 
COMPLEX CONTRASTS 

With these complex and violent contrasts in the personnel composing 

the groups of researchers and practitioners, it is no wonder that there 

is a lag between research and practice, and that a studied effort must 

be made by both groups to facilitate molding research into practice. 

SELF-ANALYSIS 

With this problem before us, a good dose of frank self-analysis will 

be most helpful. There is a lot of good and a little of bad in each of 

us. Let us strive to eliminate the faults that are keeping researchers 
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and practitioners so far apart, and let each individual in the two groups 
tune his thinking and his actions to the obvious needs of his fellow 
engineers. 

RESEARCH REPORTS 


These preliminary discussions bring us to a consideration of research 
reports as they are prepared today. Generally speaking, they are 
written primarily for the consumption of researchers, rather than 
practitioners. 

They frequently require the reader of the report to know as much 
about the research problem and the work as the writer himself, in 
order to gain a clear understanding of what the writer really means. 
They are not directed at the ultimate consumer. 

The make-up commonly used consists of: a statement of the 
problem; a description of the apparatus; discussions of the details of 
the methods of making tests and measurements; a complete presen- 
tation of the data secured; a summary of the findings; the conclusions. 

The sad part is that frequently these component parts of research 
reports are badly jumbled together in writing, so that it is difficult 
for the uninformed or busy reader to segregate the information in 
which he is primarily interested. 

Obviously, fellow researchers want all of these component parts of 
a research report to be clearly and separately stated, but the practi- 
tioner (believing in the researcher’s integrity and ability) wants 
primarily: a statement of the problem; a presentation of essential 
findings of fact; the conclusions from the facts, stated in such a way 
that they may be applied to practice. 

Therefore I present this question: ‘“‘Why not write all research 
reports from the practitioners’ point of view?” This would mean 
incorporating in the body of the report a statement of the problem, 
the essential findings of fact and conclusions for embodiment in 
practice—putting in an appendix or supplement the other information 
which fellow researchers would find interesting and helpful in analyz- 
ing the researcher’s report, such as: a description of the apparatus; 
the details of tests and measurements; the data secured. It might be 
best in many instances not to publish such a supplement as a part of 
the report, but merely to refer to it as being available, on request, 
to those who require such supporting detail. 

This course is suggested, not with the idea that it is not absolutely 
essential to record permanently and state clearly information of the 
type which would be included in a supplement of this character; 
but rather to emphasize that part of the research report which is 
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essential for the practitioner, to strip research reports down to these 
bare essentials and thus to challenge the busy practitioner to read 
and apply useful truth. 


INTERPRETERS 


However, in spite of the benefits which would follow such reforms 
in report writing, the fact remains that in many cases after the re- 
searcher has gone as far as he can toward grasping the need of the 
practitioner and presenting his findings from that point of view, 
and after the practitioner has gone as far as he can in entering the 
realm of the researcher, there still remains a ‘‘No-Man’s-Land,” a 
missing link between research and practice. In such case, we badly 
need an interpreter. 


This would be an engineer who is fully competent, from the stand- 
point of training and mental capacity, to grasp the findings of the 
researcher, and who at the same time has a background of practice 
and a knowledge of the practitioner’s needs. This ability would enable 
him to analyze and assimilate the researcher’s findings and state them 
in language which the average practitioner can comprehend. 


An alternative would be a joint committee of researchers and 
practitioners, who will review a research report before its release, to 
insure that the statements are not only sound from the research 
point of view but understandable and in form for application by the 
practitioner, 


An outstandingly good example of the type of interpretation we 
have in mind consists of the textbook writers and engineering teachers. 
Here we have men who are forced frequently to take complicated 
technical information, obtained through profound research, and inter- 
pret it in such a way that it may be grasped by young engineering 
students, the average of whom have no higher mental qualifications 
than the average of the practitioners, and who lack the background 
of experience which the practitioner has. 


All researchers and practitioners were once engineering students, 
and none of us can fail to remember how we blessed the outstanding 
textbook writers and outstanding teachers, who presented their ma- 
terial understandably. If we had not had good interpreters in our 
younger student days, many of us would not be engineers now, and 
with this fine record of the fruits of good interpretation, it seems dis- 
tressing that we have not more generously employed the interpreter 
in our more mature technical experience to keep practice abreast of 
research, 
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“THERE OUGHT TO BE A LAW’ 

In our civic experience whenever we encounter a distressing con- 
dition, the first cry is for legislative reform. And so, as I contemplate 
this problem, I am tempted to say ‘‘There ought to be a law”’ providing 
that 

1. All researchers must try to determine what the problem is before 
they start to solve it; 

2. All researchers must analyze results and prepare an understand- 
able report on completed projects before new ones can be started; 

3. All the profound shall try to be simple, and the simple to be 
profound; 

4. A practitioner shall be outlawed if he doesn’t keep up with 
research and apply it; 

5. The researcher shall be ostracized by his fellows if he forgets 
the need of the practitioner or indulges in technical snobbery; 

6. Interpreters shall be born, trained, used and honored; 

7. All must search for, recognize and apply scientific truth; 

8. All researchers must recognize that the intelligence quotient 
rating of practitioners as a body is probably reasonably near that of 
the researchers as a body; that merely because the practitioners 
haven’t time to be as familiar with research as the researchers, and 
are too busy to delve into involved, verbose and abstract reports, 
they are not dumb; and that the practitioner is too busy being a 
practitioner to be necessarily a good researcher. 

AMERICAN CONCRETE INSTITUTE 

As I survey the concrete engineering field, | can’t help concluding 
that there is no single body better fitted to take up the challenge 
“Shorten the Lag Between Research and Practice’’—than the American 
Concrete Institute. Its membership is made up of researchers and 
practitioners. As this organization comes to recognize fully its respon- 
sibility and opportunity, it should provide the common meeting place 
for the researcher, the interpreter, the teacher, the designer, the 
construction engineer, the builder, the materials producer, and _ its 
meetings should provide: 

Combined sessions, interesting to all 

Group sessions, designed for each 

Common understanding among all component parts of the concrete 
industry 


A forum for all 


ee 





base 





Shorte n Lag be tiveen Re sé arch a nd Practice 5 47 


A challenging Journal, research reporting service and information 
exchange, indispensable to all. 

If the Institute did these things, the tens in attendance would become 
hundreds; the hundreds would become thousands, and the member- 
ship would be legion. 

I cannot close without inviting the American Concrete Institute 
to accept this challenge and to take as its slogan: 


A. [All inclusive 
C. < Concrete 
: Interpretation 


Not only is informal discussion of Mr. Sheets’ “Challenge” invited 
in “letters to the Editor’’—but appropriate suggestions of specific 
means whereby the Institute may assist in closing the gap between 
what is known about concrete and what is commonly done about it. 











COREE ERNE 


—e 





Vol. 834 PROCEEDINGS OF THE AMERICAN CONCRETE INSTITUTE 


JOURNAL 
of the 
AMERICAN CONCRETE 
INSTITUTE 


7400 SECOND BOULEVARD, DETROIT, MICHIGAN , MAY-JUNE, 1938 


Concrete Curing Compounds* 


By H. 8S. Mreissnert 


MEMBER AMERICAN CONCRETE INSTITUTE 


AND 8. E. Smitrut 


THE importance of continued curing for some minimum period in 
the early life of concrete has long been recognized. Even though two 
or three times the amount of water required by the cement for com- 
bination is used in concrete mixes, the potential value of the concrete 
is not completely realized if any appreciable portion of the excess 
water is lost subsequent to the time set takes place. Such loss will 
occur at an astonishing rate if at any time the concrete is allowed to 
dry out, and curing, therefore, is principally a matter of preventing 
any drying from taking place. In cases this is most easily accomplished 
by the application of water. This becomes extremely difficult in the 
arid or semi-arid western regions in which the Bureau of Reclamation 
operates, for in some locations the supply of mixing water alone 
presents a problem without an additional requirement for adequate 
curing. In these instances the Bureau has permitted the use of certain 
liquid membrane coatings when their qualities and methods of appli- 
‘ation have been established as providing results equivalent to four- 
teen days of water curing. Fourteen days of continuous water curing 
has for some time been the Bureau’s accepted practice. 

Previous investigations, including those of Gonnerman (1), Tuthill 
(2), Ruettgers and Whitmore (3), and reports of the Highway Research 


*Presented at 34th Annual Convention American Concrete Institute 

tEngineer, U. 8S. Bureau of Reclamation, Denver, Colo 

tAssociate Engineer, U. S. Bureau of Reclamation, Denver, Colo 

Study of Methods of Curing Concrete,” by H. F. Gonnerman; Journat Amer. Concrete Inst., Feb 
1930, Proceedings Vol. 26, p. 359 

*Solving the Problem of Concrete Curing on the Colorado River Aqueduct,” by Lewis H. Tuthill, 
Western Construction News; Aug. 1935 
_ * Construction of Main Canal Lining on Kittitas Division, Yakima Reclamation Project, Wash- 
ington,”’ by A. Ruettgers and A. A. Whitmore; Journat, Amer. Concrete Inst., Oct. 1930, Proceedings 
Vol. 27, p. 117 

“Report of Investigations Curing of Concrete Pavement Slabs;"’ Proceedings of the Thirteenth 
Annual Meeting of the Highway Research Board, Part 11, 1934 


(549) 








550 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE May-June 1938 


Board (4), have indicated that bituminous coatings are the most 
acceptable for curing by membrane methods in regions with arid 
climates and that with them, results comparable to two weeks moist 
curing may be secured. A great amount of work has also been done 
on curing concrete highways by methods which do not, however, lend 
themselves to formed concrete or vertical surfaces. 
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BITUMINOUS COATINGS 

Bituminous coatings are to some extent objectionable for use on 
structures where it is desirable to preserve their natural appearance. 
These black coatings also cause very high heat absorption which in 
turn produces excessive cracking in the concrete where it is exposed 
to the direct sun’s rays. The application of whitewash or some light 
colored coating over the black surface will materially alleviate this 
condition, but such light coatings are generally partially removed by 
the elements, leaving the concrete with an even more unsightly appear- 
ance. Black coatings do, however, have a place, particularly on 
structures which are later backfilled, and on the interior surfaces of 
siphon barrels and concrete-lined tunnels and where the interiors are 
not required to be illuminated. 

Asphalt emulsions, asphalt cut-backs and coal-tar cut-backs com- 
prise the bituminous materials which are in most general use. The i 
latter two are easily applied with commercial spraying equipment and 
dry rapidly to firm dry films. Emulsions are less desirable for various 
reasons. They must not be subjected to low temperatures, since they | 
break down and are then worthless for use and some even separate 
under continued storage. Frequently their consistencies are such as 
to permit application only by brush, but the greatest objection to 
emulsions is that they dry slowly and remain tacky for weeks after 
application, even during summer weather. 

With black bituminous coatings limited to certain work, there exists 
a need for a clear type of curing material which does not deface the 
concrete, or which at some short time after application can no longer 
be seen. Linseed oil has been investigated by many, but aside from 
its prohibitive cost, has not been found satisfactory and does not 
leave the concrete in its natural appearance. Paraffin, applied both 
hot and in the cut-back form, has also been only partially effective 
in reducing moisture losses from the concrete. The tendency of the 
paraffin film to check, crack and peel from the concrete at an early 
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age leaves the concrete unprotected. 
CLEAR COATINGS 
There have been marketed in the west, several clear-type materials 
which are blends of paraffin and vegetable oil cut with petroleum 
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naphtha. These are composed generally, of 25 to 30 per cent non- 
volatiles consisting of wax and a smaller amount of china wood oil. 
They also contain a small amount of quick-fading dye which permits 
ready identification of the areas covered, yet fades from the concrete 
after a short exposure leaving the concrete in the uncolored natural 
condition. These have given reasonably satisfactory results under 
conditions of exposure which are not too severe and when used in 
sufficient amount or with repeated application. However, this type 
of compound was investigated by Tuthill and was not considered 
satisfactory for use under extreme conditions on the Metropolitan 
Water District aqueduct. Tests by the Bureau under somewhat 
similar conditions in the field also show that these materials are 
unsuited for use under high summer temperatures in the desert. 
Difficulties were experienced, on some occasions due probably to the 
low melting points of the waxes, in securing sufficiently heavy cover- 
ages without slippage or the material running off. In other regions 
though, during seasons when air temperatures were not so high, 
additional field tests have indicated that they are fairly satisfactory, 
The cost of these clear compounds, considering also that they must 
be used in greater quantity to secure equivalent results, is much more 
than that of the bituminous coatings. They may be applied very 
easily, however, with an inexpensive orchard-type hand spray outfit, 
so that small structures or isolated work may be readily coated. The 
black materials generally require complete compressed air paint spray 
equipment. 


TEST PROCEDURE 


In response to requests by contractors to substitute membranous 
curing for water curing, tests were performed in the Denver office 
laboratory of the Bureau to evaluate the effectiveness of the various 
types of materials commercially available, to prepare instructions for 
the correct use of suitable materials and for inspection of this type of 
curing. The materials investigated have included asphalt cut-backs, 
asphalt emulsions, coal-tar cut-backs, and paraffin base compounds. 
The tests have been essentially the performance type, to determine 
the effectiveness of the various materials in reducing the rate of mois- 
ture evaporation from concrete. Physical and chemical tests have been 
made on such materials as gave promise of providing good curing, 
when indicated in the performance tests, and from these, standards 
for acceptable materials have been established. 


In addition to measuring the moisture retention qualities of the 
various materials submitted, the compressive strength of the concrete 
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thus cured was determined and compared with similar test specimens 
which received no curing and others which had been cured in a 70° F. 
fog atmosphere for various periods of time from 7 to 28 days. The 
results of the tests made in the laboratory have indicated that mem- 
brane compounds of the correct type and properly applied will provide 
curing equivalent to 14-day fog curing. In the case of the clear-type 
compound, however, field tests in some instances have not sub- 
stantiated these conclusions. In the laboratory the specimens were 
subjected to 100° F. whereas concrete placed in the summer months 
on southern projects and exposed to sunlight will rise some 35° F. 
above air temperatures. The results of tests performed at Parker 
Dam, California, and Bartlett Dam, Arizona, during the summer 
months where concrete temperatures of 135° F. to 145° F. were ex- 
perienced, show that results equivalent to water curing were not 
realized with clear curing compounds. 


The first laboratory tests were made using standard 6- x 12-in. 
concrete cylinders cured 24 hours in a 70° F. fog atmosphere after 
which they were removed from the molds, washed with water, surface- 
dried and given one or two coats of curing compound. The specimens 
were weighed both before and after the application of each coat of 
curing compound. Immediately following application of the final 
coat, the cylinders were transferred to a 100° F., 10 to 15 per cent 
relative humidity room. In addition to the coated specimens, there 
were, in general, six control cylinders prepared from the same concrete, 
three of which were weighed and stored directly in the hot room immed- 
iately after the forms were removed, following the 24-hour fog-curing 
period. The other three control specimens were removed from the 
forms at 24 hours, weighed and left in the fog room for 14 or 28 days 
after which they were transferred to the hot room. All specimens 
were weighed at 5-, 9-, 14-, and 28-day age and the loss in weight 
corrected for drip and evaporation of the volatile fraction of the curing 
compound. The corrected loss in weight represents the loss of water 
from the concrete. 


The curing compounds were generally applied in as heavy a coat 
as would adhere without sagging on the vertical sides of the cylinders, 
one, two, and three coats being applied. The application was per- 
formed by spraying except in such instances as the material being 
tested proved to be too viscous to spray, in which case it was applied 
by brushing. The amount of material applied in each coat was 
determined by weighing the specimen both immediately before and 
after painting. By varying the number of coats applied and the cover- 
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age per coat, results were obtained which permitted the selection of 
conditions for each material which would insure adequate curing. 
COAL-TAR CUT-BACK 

In agreement with the conclusions of Tuthill, the coal-tar cut-back 
compounds were found to be superior to the asphalt-cut-back and 
paraffin cut-back types. The value of a second coat in sealing the 
imperfections of the first application was likewise substantiated. 
Asphalt emulsions were found to provide very effective moisture- 
retaining membranes, but for reasons previously given were not 
considered acceptable materials. 

During the course of tests on coal-tar cut backs, it was found that 
materials furnished by several companies varied widely in their 
physical characteristics. They differed considerably in drying prop- 
erties and in viscosity which affected both application, and coverage 
to be secured without sag or slip. Some of the materials would not 
dry to a firm film but continued to flow on the vertical sides of cylinders 
throughout the entire period of test. For these reasons there was 
considerable work devoted to developing a blend of coal-tar pitch and 
coal-tar naphtha which would have satisfactory spray application 
properties, provide an impervious film, and which, when applied in 
the required thickness, would not slip or sag under temperatures to 
be encountered. 

The composition chosen was a blend of 130° to 145° F. (Ring and 
Ball) melting point coal-tar pitch and a 240° to 430° F. distillation, 
acid-free, coal-tar naphtha. The blend of the two in the proportions 
72 to 74 parts by weight of pitch to 26 to 28 parts of naphtha produced 
a viscous liquid which could be easily sprayed with the usual commer- 
cial equipment. The naphtha evaporates sufficiently rapid to set the 
coating dry to touch in one to four hours and to a firm dry film in 12 
to 36 hours depending upon air temperatures. This fraction evaporates 
almost completely leaving a pitch coating with a softening point 
sufficiently high to prevent sag or slip on a smooth vertical concrete 
surface at 100° F. 

RELATIVE EFFICIENCY 

As the tests progressed, it was found more convenient to observe 
results on coated 3- by 6-in. concrete cylinders instead of the 6-in. by 
12-in. specimens. The moisture loss from the smaller specimens was 
found to be more rapid than from the 6-in. by 12-in. cylinders, however, 
by comparing various materials with the coal-tar cut back adopted 
as a standard, the performance or merits of each could be evaluated. 
The rate of moisture loss from 3- by 6-in. cylinders, subjected to drying 
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Fig. 1—MOoOIsTURE LOSS FOR VARIOUS CURINGS 
(Specimens exposed at 100° F. and 15 per cent relative humidity. 
Fig. 2—EFFECT OF COVERAGE ON MOISTURE LOSS FOR VARIOUS 
CURING COMPOUNDS 
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after various periods of fog curing, compared with that from cylinders 
coated with coal-tar cut back conforming to Bureau specifications, 
is shown in Fig. 1. The cut-back was applied in two coats, each 
having a coverage of 300 sq. ft. per gal. All specimens were cured in 
fog at 70° F. for 24 hours before the molds were removed, thus the 
initial point for all curves is one day. The specimens not coated, but 
which were fog-cured for 8, 15, 28, and 60 days, actually accumulated 
a slight amount of water before they were removed from the fog room 
to the heated room, however the gain in each case was too small to 
indicate on the curves. As shown in this figure, the effect of curing 
compound is greatly to reduce the rate at which concrete loses moisture 
when it is exposed to drying. This is distinctly advantageous since 
crazing and cracking may thereby be greatly reduced. Very rapid 
drying, particularly at the surface of the concrete, which takes place 
when water curing is discontinued, causes differential shrinkage and 
the development of high surface stresses. A prolonged drying period 
may therefore diminish such effects. This is to some extent corrobor- 
ated by observation on field tests made at Bartlett Dam where speci- 
mens coated with clear-type compound exhibited less surface crazing 
than their companions. 

The membrane-cured specimen in this test shows a lower 90-day 
moisture loss than those fog-cured for 15 days before drying. From 
the results portrayed as well as other similar data, the application 
of coal-tar cut back in two coats, each with a coverage of about 375 
square feet per gallon, was adopted as that which would produce 
curing corresponding to 14 days of water treatment. 

Fig. 2 shows the relative moisture losses up to 9 days of 3- by 6-in. 
specimens coated at 24-hr. age with several compounds at various 
coverages. After treatment, these were placed in 15 per cent relative 
humidity, 100° F. atmosphere. Each material was applied in two equal 
coats, except for the clear paraffin-base compound which was applied 
in three equal coats. At the adopted coverage for coal-tar cut back, 
approximately 180 sq. ft. per gal., about 40 grams of water were lost. 
The coverages for the other materials which would therefore be required 
to produce equally effective sealing are as follows: 


Material Coverage 
Asphalt emulsion. 190 sq. ft./gal. 
Asphalt cut back A. 150 sq. ft./gal. 
Asphalt cut back B.... 140 sq. ft./gal. 
Paraffin base, clear. . . 100 sq. ft./gal. 


UNFORMED CONCRETE 
The data from tests so far described may be considered applicable 
to curing of formed concrete which by its form work, enjoys consider- 
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TIME IN HOURS AFTER FINISHING 


Fic. 3—EFrFrEcT OF DELAYED APPLICATION OF MEMBRANE CURING 
COMPOUNDS 
Specimens are 1 x 4x8 in. concrete panels; cast in metal pans; weigh approx. 
1400 grams. Coating A = 3 coats—paraffin base clear at 300 sq. ft. per gal per coat; 
Coating B = 2 coats—coal tar cut-back at 300 sq. ft. per gal. per coat; Stored in 
100°F., 15 per cent relative humidity; Mix 1:2.3:2.3 by weight; w/c 0.58 by weight. 


able protection against early moisture loss. On such work, treatment 
with compounds would follow form removal. In contrast, unformed 


finished concrete, such as canal linings, roadways, or horizontal sur- 


faces of concrete within forms, is subject immediately to evaporation 
and therefore requires special attention. To represent such conditions, 
tests were made using 4- by 8-in. concrete panels, 1 in. thick, which 
were cast in metal pans and surfaced by troweling in a manner similar 
to finished unformed concrete in the field. Some specimens were 
weighed immediately after troweling and were stored at 100° F. and 
15 per cent relative humidity for one-half, one, two, and four hours 
before the first coat of curing compound was applied. Companion 
specimens, not coated, were stored under identical conditions. All 
were weighed hourly for the first 24 hours, then daily until 10 days 
old. The curves shown in Fig. 3 clearly indicate the importance of 
applying curing compounds immediately after finishing the surface 
if moisture, and hence concrete quality, is to be preserved. This is 
also forcefully demonstrated by the photographs in Fig. 4 and 5, 
which show the results of abrasion tests on these panels at 28-days age. 


The test panels were held at a 45° angle four inches from the nozzle 
of a grit blasting cabinet so that the grit would strike the concrete 
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Fic. 4—THE EFFECT OF CURING ON ABRASION RESISTANCE—-FOUR TOP 
SPECIMENS 

Fic. 5—THE EFFECT OF DELAYED APPLICATION OF CONCRETE CURING 

COMPOUNDS ON ABRASION RESISTANCE-——EIGHT BOTTOM SPECIMENS 
surface in five spots, for 60 seconds each. The panels were weighed 
before and after blasting to determine their loss in weight as a measure 
of their abrasion resistance. The advantage of early treatment is, 
however, most evident from the pictorial record. These indicate that 
when the compound was applied to the concrete immediately after 
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Fic. 6—ORCHARD TYPE SPRAY EQUIPMENT FOR CLEAR PARAFFIN ' 
COMPOUND ' 
Fig. 7—EXTENSION PAINT SPRAY GUN FOR COAL-TAR CUT-BACK 
COMPOUND 
finishing, abrasion resistance was practically equal to that of concrete 
fog-cured for 14 days. It is definitely apparent that delayed application 
of the compound materially reduced the abrasion resistance, and by 
comparison with figure 3 such resistance is shown to be dependent 
upon the amount of moisture retained by the concrete during the 4 


early period. 

Moist curing of concrete by the continuous application of water 
is the general practice of the Bureau, however, in some instances, 
the contractors’ request to cure by membrane coatings are granted. 
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The contractor, in such cases, furnishes the curing compound which 
is tested by the Bureau for acceptance before it may be used. Unless 
special permission is granted, the application must be performed by 
spraying. All formed surfaces are required to be sprinkled with 
water immediately after the removal of forms and before the curing 
compound is applied. On unformed concrete the curing compound 
must be applied immediately following the finishing of the surfaces. 
If for any reason the application of the curing compound is delayed, 
exposed surfaces are required to be water-cured until the compound 
is applied and the surfaces to be thoroughly wet just prior to applying 
the compound. 
CONCLUSIONS 

From the tests and experiences cited, the following thoughts and 
conclusions are presented as those most prominently suggested by 
the paper: 

1. The results of abrasion tests on concrete surfaces cured by 
compounds, show that it is important that they be applied immediately, 
before any appreciable amount of moisture is lost. 

2. The relative efficiency of several types of compounds has been 
established by laboratory tests, which indicate different coverages in 
each case for equivalent results. 

3. In general, compounds of a correct grade and properly applied 
may be depended on for satisfactory curing, except under high tempera- 
ture conditions, In such cases tests under field conditions should 
first be made to establish their reliability. 

4. There exists a great need for a good, inexpensive, clear-type 
compound that will provide adequate curing during hot summer 
seasons in arid territories. 


Discussion of the foregoing paper will be welcome uf received in tri- 
plicate by the Secretary of the Institute by July 20, 1938. For such 
discussion as may develop readers are referred to a supplement to be 
issued with the next issue of the JournNAL. The supplement will 
close the current Proceedings Vol. 34 and will include besides 
discussion, Title Page, Contents and Indexes, plus Membership 
Directory and “year book”’ information about A. C. I. Please 
note that the next JOURNAL will begin a new schedule of six 
Journals a year—September, November, 1938, January, 
February, April and June 1939. 
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Discussion of a paper by Meissner and Smith: 


Concrete Curing Compounds* 
CONVENTION DISCUSSION 


Harlan H. Edwardst: 1 should like to ask what steps have been 
taken in the field to protect concrete against the performance shown 
by these test cylinders? Again, what possibility is there of the drying 
out of the field concrete from the under side, like the canal lining or 
otherwise when laid on the ground? 

Mr. Meissner: The canal lining slab is laid on a good foundation 
and properly wetted in the first place. As stated in the paper, the 
results of tests in the field, to substantiate or check the laboratory 
tests, and to make sure that we were getting proper curing in the field, 
were negative, at least in southern districts of high temperatures. 
In those locations we had not used black compounds to any extent, for 
the reason, as I pointed out, of the high temperatures. I think Mr. 
Tuthill could say a few things along that line. 

Lewis H. Tuthill{: In answer to Mr. Edwards’ question as to 
what evidence there is that satisfactory curing has been accomplished, 
that in a few cases we cut cores from canal lining and subjected them 
to sand blast tests. I do not know whether they received the same 
amount of time in sand blasting as in the case of tests reported in the 
paper, but they looked about like the ones reported acceptable. 
Our conclusion from those tests was that the surface had been ade- 
quately cured. As to moisture under concrete slabs, we, at the out- 
set, had a little difference of opinion as to whether a slab would have 
moisture under it, and we were very much interested to find out that 
the moisture under a slab stays there a very long time, and for that 


—, 





*JournaL Am. Concrete Inst., May-June 1938; Proceedings Vol. 34, p. 549 
tConsulting Engineer, Claremont, Calif. 
}Metropolitan Water District of Southern California, Los Angeles, Calif 
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reason it probably contributes a great deal to the curing of a slab of 
concrete that is protected on the top by a suitable membrane, because 
it delays the loss of moisture from the surface of the slab and appar- 
ently gives better curing. 

Mr. Edwards: That is the point I wanted to bring out; is it the 
general practice to wet the subgrade prior to the laying of the concrete? 

Mr. Tuthill: It should be. 

Frank H. Jackson*: I should like to ask Mr. Meissner if the strength 
tests which I believe he indicated he had made, parallel the results in 
surface abrasion by means of sand blasting? 

Mr. Meissner: Well, yes and no. The answer in general is yes, 
although strength tests of course have to be interpreted with some 
caution, due to the moisture conditions of the specimens. If the 
specimens are dried, I should naturally expect a higher strength; if a 
considerable amount of moisture is still retained, we might have lower 
results. _ 

Mr. Jackson: You did not attempt to put them in the same condi- 
tion so far as moisture is concerned, before you tested them? 

Mr. Meissner: Not exactly. We realize that the tests are not 
comparable, and for that reason have made no reference to strength 
results. When future tests are made we will see that they are in about 
the same state as regards moisture content. 

Mr. Jackson: At the Bureau of Public Roads, we have been running, 
for several months, a series of tests along lines almost identical with 
those reported here in connection with curing membranes for pave- 
ment purposes, and so far as moisture loss is concerned, I think the 
results we have obtained check almost identically with those that have 
been reported here. 

W. M. Dunnigan}: What was the maximum time over which you 
recorded the loss in weight and the drying rate? 

Mr. Meissner: On the 6 x 12 cylinders we followed it up to 190 
days; in the 3 x 6, to 90 days. I might call attention to the great 
amount of moisture loss—90 grams without any curing whatsoever 
90 grams moisture loss from about 138 grams of water in the specimen. 

Mr. Dunnigan: I am moved to discussion because the subject of 
the drying rate of concrete has been brought before us several times. 
You will recall in the discussion of silos, the speaker was questioned as 
to how the moisture in the ensilage behaved, as to whether it had 
hydrostatic head, or in what state the moisture was at the time the 
silo was filled with ensilage, and some considerable importance was 


*U. 8. Bureau of Public Roads, Washington, D. C. 
tlowa State College, Ames, Ia. 
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attached to the behavior of that moisture and its effect upon the staves. 
It seems to me that we should be interested in concrete from the stand- 
point of the silo staves, interested in its permeability, which is dis- 
tinguished from the reason for which we are interested in permeability. 
Are we interested in it because permeability is an indication of dura- 
bility, or are we interested in it because we wish to make the silo 
staves impermeable? If the latter is the case, may I say that we may 
make our silos impermeable by applying impervious coatings, and 
that these coatings, in order to prevent the passage of moisture into 
the concrete, must not only be impermeable to water but to water 
vapor. Some of the studies we have made recently indicate that 
some of the materials known to be impermeable to water are not 
impermeable to water vapor. The very action of drying concrete is a 
loss of water in the form of vapor. Naturally I associate these two 
subjects, the silo stave and the problem of impermeability, and the 
problem of the drying out of concrete is here discussed. 


Let us take the case of the silo as an example of what we have in 
mind. In common with other agricultural structures we use on the 
farm, the interior of the structure is filled with a moist material. 
This moist material is at a high temperature and at a relatively high 
humidity. Meanwhile the outside of the structure may find itself at a 
lower temperature and a lower relative humidity. The difference 
between those humidities and temperatures sets up a vapor pressure 
which will result in the movement of the vapor by that pressure 
differential. That vapor, moving outward through the concrete, will 
condense on the outside and give the appearance of liquid flow. We 
have all been acquainted recently with housing problems where, arti- 
ficially, we have attempted air-conditioning. We have raised the 
humidity within the house; we have raised the temperature; this 
humidity, according to the loss of vapor, will tend to move outward 
to seek the colder regions. and in attempting to do so, will reach a 
dew point and condense. I am not clear that offhand I can state that 
problem, but I wish to say that I feel that the problem of discovering 
more about the resistance of portland cement concrete to vapor 
diffusion, the problems which are raised by implication in our attempt 
to humidify housing, in our attempt to do such things as cure concrete 
by impervious membranes, brings us a problem on which I feel very 
keenly. Our studies have indicated that the only material we can 
find which, applied as a coating to perform the function which the 
speaker tried to have his membrane do, was a mixture of aluminum 
paint and asphalt; that this material, when applied in a thin coating 
to portland cement concrete, gave a membrane which was not only 
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resistant to the passage of water as a liquid, but formed a complete 
barrier against the passage of water in the form of vapor. 
BAILEY TREMPER* (BY LETTER) 

In view of the growing practice in highway pavement construction 
to permit moist curing of concrete for periods as short as three days, 
it is gratifying to note in the authors’ paper that moist curing by the 
continuous application of water for 14 days is the general practice of 
the Bureau of Reclamation. It is also worthy of note that substitutes 
for water curing are permitted only when the problem of securing a 
sufficient supply of water becomes particularly acute. 

The authors, by means of data and pohtographs, bring out very 
clearly the injurious offects of permitting the escape of water from 
concrete during the early stages of hardening. In Fig. 3 it is shown 
that specimens receiving no protection during the first four hours after 
finishing lost approximately 23 per cent of the mixing water. In Fig. 
5 it is shown that similar specimens, unprotected during the first four 
hours, suffered a loss in the abrasion test of about 41 grams compared 
to a loss of only 12.8 grams from specimens cured by fog for 14 days. 
It is reasonable to expect similar effects on strength and durability as 
a result of the loss of appreciable portions of the mixing water during 
the early stages of hardening. 

In view of this demonstration of the necessity of retaining water 
within the concrete it is difficult to follow the authors’ logic in conclud- 
ing that ‘‘the application of coal-tar cut back in two coats each with a 
coverage of 375 square feet per gallon . . . . would produce 
curing corresponding to 14 days of water treatment.’’ The authors 
state that this conclusion was reached from the results portrayed in 
Fig. 1 and other similar data, 

The curves and data of Fig. 1 indicate that at the end of 15 days 
cylinders exposed at 100°F. and 15 per cent relative humidity follow- 
ing one day of fog curing lost 61 per cent of the mixing water. Those 
given two coats of coal-tar cut back lost 27 per cent of the mixing 
water at the age of 15 days. On a scale in which 100 per cent repre- 
sents water curing and 0 represents no curing, the efficiency of the 
coal-tar cut back with respect to water retention was only 56 per cent 
at the age of 15 days. It seems quite certain that the concrete cured 
with coal-tar cut back was, at this age, seriously deficient in quality 
compared to the water-cured concrete. The further gain in strength, 
and other desirable properties, of the membrane-cured concrete is 
problematical but it seems extremely unlikely that quality equal to 
that obtained under 15 days wet curing would be attained at any age. 


*Materials Engineer, State of Washington Department of Highways, Olympia. 
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The authors indicate that no distinction as to coverage of membrane 
is made between formed surfaces and unformed surfaces such as canal 
linings and roadways. There is, however, considerable evidence to 
indicate that slabs of concrete in contact with a moist subgrade suffer 
from evaporation of water through the membrane to a much less extent 
than when no source of moisture is available. 

Carlson(') estimates that the passages in which the gel is formed in 
well proportioned concrete are narrow and have an average width of 
5 to 10 microns. They are, therefore, of a size to cause large capillary 
pressures to develop and exert a strong attraction for free water. It 
is indicated that a paving slab in contact with a moist subgrade can 
absorb subgrade water except in the rare case of the soil exerting the 
higher capillary pressure. 

That this phenomenum takes place in practice, as well as in theory, 
was demonstrated by experiments conducted by the Bureau of Public 
Roads at Arlington, Virginia(?). Concrete slabs with the top exposed 
to the atmosphere lost 29 per cent of the mixing water during the first 
24 hours when resting on a dry subgrade. Similar slabs resting on a 
wet subgrade lost only 14 per cent water during the same period. 

Spencer(*) conducted experiments in the arid Colorado River Desert 
and found that practically no moisture was lost from the bottom of 
concrete slabs resting on moist sand, although the top one inch lost 
up to 90 per cent of its water. When similar slabs were protected with 
coal tar sealing compound, moisture was retained in the top one inch 
over a long period. On the other hand ,when the sealing compound 
was applied to slabs that were not in contact with moist sand, moisture 
was lost at a much greater rate. 

Unpublished tests by the Washington Department of Highways 
indicate a substantial decrease in beam strength and abrasion resistance 
of membrane-cured concrete protected from access of moisture com- 
pared to membrane-cured concrete in contact with a moist subgrade. 

If the statements above are accepted as being substantially accurate 
representations of actual behavior then it follows that membrane 
applications that provide adequate curing of pavement slabs and canal 
linings may be seriously deficient when applied to bridge decks and 
similar members. 

REFERENCES 

(‘) R. W. Carlson—“The Function of Water in Hardening Concrete,”’ Proceedings 
Highway Research Board, Vol. 16, page 216 (1936). 

(*) “The Arlington Curing Experiments,” Public Roads, Vol. 10, No. 12, page 213 
(Feb. 1930). 


CG) W. W. Spencer—‘‘Measurement of the Moisture Content of Concrete,” 
JournaL Am. Concrete Inst. Sept.-Oct. 1937; Proceedings Vol. 34, page 57. 
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AUTHORS’ CLOSURE 


Mr. Tremper directs attention to the comparative moisture losses 
of uncured, coal-tar cut-back protected, and water cured specimens 
at 15 days age, computing the efficiency of the membrane to be 56 
percent at the end of this period. It is apparent from Fig. 1 that the 
moisture losses from moist cured concrete are rapid when curing ceases, 
and that the final total losses for 15 day moist cured concrete exceed 
that of membrane cured concrete at the end of 90 days. To again 
evaluate the effectiveness of curing compound at this later period, on 
a scale in which 100 percent represents water curing and 0 repre- 
sents no curing, would show its efficiency at 136 percent. 

The value of the most acceptable membrane coatings lies in the 
extended period of curing which they provide, even though some 
moisture loss may occur. There is good reason to believe that such a 
gradual loss of moisture, which is bound to take place, is more desirable 
than the rapid drying which follows the cessation of moist curing. 

The curves of Fig. 3 as well as the photographs in Fig. 5 were 
intended to illustrate the necessity of applying membrane coatings 
immediately before appreciable moisture is lost, to secure their greatest 
benefit. Whenever their application is delayed, moist curing should 
be performed during the interim, to insure successful results. Mr. 
Tremper cites a loss of 23 percent of the mixing water and 41 grams 
abrasion loss in specimens not protected until 4 hours after finishing. 
Companion specimens, properly treated with compound soon after 
finishing, however, suffered less than 4 percent moisture loss and only 
12.6 grams abrasion loss at comparable periods. 

It is regretted that the explanatory notes under the photographs of 
Fig. 5 are not clear. Panels Nos. 1 and 2 had compound applied 
immediately after troweling, panels Nos. 5 and 6, one hour after 
troweling, panels Nos. 7 and 8, two hours after troweling, and panels 
Nos. 9 and 10, four hours after troweling. The appearance and abra- 
sion losses of panels 1, 2, 5, and 6 should be compared with that of panel 
No. 11 above, to support the conclusion that proper application of 
membrane coatings, of the correct type will provide results equivalent 
to 14 days’ water treatment with subsequent rapid drying. 

Mr. Tremper adds considerably to the subject of moisture supply 
from the subgrade, which was only lightly discussed upon the con- 
vention floor and given no thought in the paper. As the principal 
investigations presented in this paper have been based on concrete 
which does not have access to water, we may assume that the effi- 
ciencies of membranous coatings are somewhat greater than represented 
when used on roadways and canal linings cast upon moist subgrades. 
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In this survey the committee is attempting to find to what extent 
the properties peculiar to mass concrete are responsible for the con- 
ditions observed in massive structures. The problem is made difficult 
by the fact that in most of the older structures much of the information 
on materials and methods is lacking, and in the newer structures the 
time has not been sufficient to develop possible latent defects. Fur- 
thermore, there are many factors influencing the performance of con- 
crete structures and it is not always possible to separate the individual 
effects. However, a considerable number of structures have been 
examined and certain deductions bearing on the problems of this 
committee seem to be justified. These will be summarized briefly. 

IMPROVEMENTS IN WORKMANSHIP AND MATERIALS 


Considering the entire group of structures examined, the most 
significant observations relate to the marked changes which have taken 
place in both workmanship and materials and to the effect of these 
changes on the performance of the concrete. If we include under 
workmanship all of the factors which can be controlled on the job we 
may list the following major improvements which have affected the 
performance of mass structures: 

Improvements in Workmanship: 


Improved gradation through separation of aggregate into 
larger number of sizes. 

Better control of gradation through weight batching. 

Specification and control of water-cement ratio. 

Improved methods of transportation—elimination of chutes. 


*Presented at the 34th Annual Convention, American Concrete Institute, Chicago, Feb. 22-24, 1938, 
as 8 part of the work of Committee 108, Properties of Mass Concrete, of which Mr. McMillan is 
Vice-chairman 

tDirector of Research, Portland Cement Association, Chicago. Il 
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Adoption of vibration (this has improved placing, made possible 

lower water ratios, and reduced segregation. 

More attention given to the cleaning of surfaces and bonding at 

joints. 

The total effect of these changes in workmanship has been to 
improve greatly the practice of concrete construction. In some cases 
the effects of the individual factors can be seen directly from the 
condition of the structures. In others their several or combined effects 
can be determined only from the records and by comparison with 
structures where the special measures were not taken. 


Changes in Materials 


If we include under materials only those factors which are not 
subject to job control we find that the principal changes have been 
those pertaining to the characteristics of the cement. Such develop- 
ments as have taken place with respect to the properties of the aggre- 
gate not covered under workmanship factors, have been mainly 
concerned with improvement in methods of testing for durability. 

The changes in cement characteristics have been very significant 
with respect to the problem of mass concrete. They represent two 
distinct periods of opposite trends. 

During the first period there was a gradual increase in fineness and 
“arly strength of normal portland cement with a consequent tendency 
to a more rapid evolution of heat. This development was going on 
during the period (1920-1930) when construction operations generally 
were being speeded up. The combined effect of the more rapid evo- 
lution of heat during hardening and the placing of large quantities of 
concrete in a single operation, brought about the high concrete tem- 
peratures that ushered in the problem of ‘mass concrete.” 

The second period, which began with the recognition of the fact 
that there was a problem of mass concrete, was characterized by the 
development of cements of low or moderate heat of hydration intended 
specially to reduce the temperatures in large masses of concrete. With 
the development of these modified portland cements there has also 
been a tendency to further increase the fineness which partially offsets 
the advantage of modified composition by increasing the rate at which 
heat is evolved. The greater fineness, however, improves workability 
and increases the early strength. These improvements in turn permit 
some reduction in the quantity of cement, which of course reduces 
the total heat in direct proportion. 

The separate effects of these changes in cement characteristics 
are not so clearly established as in the case of improvements in work- 
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manship. In fact, in some cases it may be necessary before final 
conclusions can be drawn to wait until the value of the respective 
contributions can be determined by the critical test of time and the 
elements. 


A few illustrations will be presented showing how certain methods 
and materials affect the performance of mass concrete structures. 





Fic. 1—DOwNSTREAM FACE CRYSTAL SPRINGS DAM—SEE NEXT PAGE 
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CRYSTAL SPRINGS DAM 


Originally of the Spring Valley Water Co., now a part of the San Francisco 
Water Supply System. Built 1887-1889 by Herman Schussler, Chief Engineer, 
SpringValley Water Co. 

Imported cement, extremely coarse in terms of present-day practice (90 per cent 
passing sieve having 50 meshes per lin. in.). 

157,000 cu. yd. concrete placed in 2 years; one 114-cu. yd. mixer. 

Maximum size coarse aggregate: 21% in. (no plum stones). 

Mix: 1.23 bbl. cement per cu. yd., water ratio 5 gal. per sack (specification required 


’ 
24 barrel water for each barrel cement). 





Fic. 2—VIEW DURING CONSTRUCTION (SEE FIG. 1, PREVIOUS PAGE) 

Entire structure was laid out in a series of irregular blocks, keyed together and 
with staggered joints both vertical and horizontal. 

Very dry concrete hand-tamped in 3-in. layers. (One of the construction views 
shows 15 tampers to 5 wheelers.) Concrete cured by sprinkling with hose. Surfaces 
picked and broomed at all joints. 

Condition today: excellent after 50 years of service. Picture in Fig. 1 looks 
exactly like one taken in 1897. Virtually no leakage through dam. (There are no 
inspection galleries.) 

This is one engineer’s way of escape from the problems of mass concrete; no 
problems of high temperature, water gain, or laitance. 


ELEPHANT BUTTE DAM (SEE FIG. 3 AND 4, OPPOSITE PAGE) 
U. 8. Bureau of Reclamation, Rio Grande Project, New Mexico, 1913 to 1916 


Cement: so-called sand cement—portland cement reground with crushed sand- 
stone in proportions of 52 per cent cement and 48 per cent sandstone; fineness 90 
per cent passing 200-mesh sieve. 

605,000 cu. yd. concrete placed in 3 yr. Three 3-cu. yd. mixers. Maximum 
monthly rate 38,400 cu. yd. Maximum daily 2650 (including 522 cu. yd. plum 
stones). 
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Fie. 3 DOWNSTREAM FACE ELEPHANT BUTTE DAM 
Kia. 4—ScALING WHERE EXPOSED TO SPRAY 


Maximum size of coarse aggregate: 31% in. (plum stones about 15 per cent). 

Mix: 1.00 bbl. cement per cu. yd.—lInterior; 1.40 bbl. cement per cu. yd.— 
Upstream face. 

Concrete strengths: 500 to 800 p.s.i—-1 mo.; 800 to 1500 p.s.i—1 yr. 

Preparation of joints. Wire brushed and cleaned. Contraction joints coated to 
prevent adhesion—alternate sections placed in winter to minimize contraction. 

Consistency: Plastic to wet. 

Condition today: surface good except very friable and considerably scaled where 
exposed to spray. 

Gunite on upstream face still mostly in place. 

No leakage through dam. Leakage in inspection galleries very small. 

The small leakage seems to have resulted from the smaller temperature rise and 
greater plastic flow in the concrete of low cement content. The low cement content 
also accounts for the scaling of the surface. The interground sand prevented com- 
plete loss of workability due to extremely low cement factor. 
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ARROWROCK DAM (FIG. 5, 6, AND 7) 

U. 5. Bureau of Reclamation, Boise Project, Idaho, Built 1912-1915. 

Cement: Sand cement—portland cement reground with finely ground granite in 
proportions of 55 per cent cement and 45 per cent granite; fineness 90 per cent pass- 
ing 200-mesh sieve. 

585,000 cu. yd. concrete in 3 yr. Three l-cu. yd. mixers. Maximum monthly rate 
56,520; average for 4 mo., 51,000 cu. yd. 
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Fic. 6—VIEW SHOWING PREPARATION OF SURFACE FOR REPAIR; AT 
THE EXTREME LEFT IS SEEN THE CONDITION OF THE CONCRETE BEFORE 
REPAIR 
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Fic. 7—CLOSE VIEW SHOWING STRATIFICATION DUE TO THE WET 
CONSISTENCY. AS AT ELEPHANT BUTTE, THE INTERGROUND FINE 
MATERIAL PREVENTED COMPLETE LOSS OF WORKABILITY 


Maximum size of aggregates: 4144 in. Plum stones also used. 

Mix: 0.8 bbl. cement per cu. yd.—Interior (cement: 55 per cent portland cement, 
45 per cent granite); 1.05 bbl. cement per cu. yd.—Exterior (cement: 66 per cent 
portland cement, 34 per cent granite). 

Concrete strengths: 900 to 1560 p.s.i.—28 days; 1500 to 2000 p.s.i.—1 yr. 

Recorded temperature rise in concrete: 30°F. 

Consistency: plastic to wet. 

Preparation of joints: wire brushed and cleaned with scrupulous care. 

Condition today: downstream face shows considerable abrasion in spots, and 
scaled areas where in contact with spray from relief valves. The downstream surface 
is being covered with an 18-in. slab and height of dam is being raised. 

No leakage through the dam. Leakage in inspection galleries very small, the least 
of any of the dams visited except Morris Dam. Copper strips used near upstream 
face at all contraction joints. 


IRRIGATION AND POWER DAM (FIG. 8 AND 9, NEXT PAGE) 


Built 1924-1926—normal portland cement 

363,000 cu. yd. in 2 yr. 47,000 cu. yd. in 26 working days. 

Maximum size of aggregate: 10 in. Mix: .82 bbl. cement per cu. yd. 

Concrete strength: 28 days—1500 p.s.i. 

Consistency: very wet, chutes used. Contraction joints grouted soon after 
completion and three times since. 

Leakage in 1926: 3 cu. ft. per sec., now 14 cu. ft. per sec. 

Condition today: Concrete generally good, but there is considerable leakage at 
horizontal and vertical joints, particularly evident in inspection galleries. 

These defects are the result of temperature rise, rapid placing, and wet consisten- 
cies. The lean mix (.82 bbl.) added to placing difficulties and offered only small 
advantage through lower heat evolution. 
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Fic. 8 (rop)—DoOwNSTREAM FACE, IRRIGATION AND POWER DAM 


Fic. 9 (BoTTOM)—CLOSE VIEW 


WATER SUPPLY AND POWER DAM (FIG. 10, OPPOSITE PAGE) 


Built in the late Twenties 
617,000 cu. yd. in 2 yr. Average 45,000 cu. yd. per month for 9 months. 





normal portland cement 


Maximum size of aggregate—8 in. Mix: 1.02 bbl. cement per cu. yd. 

Concrete strengths: 2300 p.s.i. at 28 days. 

Recorded temperature rise in concrete—33°F. 

Consistency: wet, concrete chuted long distances. Contraction joints and cracks 
grouted before placing dam in service. Leakage 2.8 cu. ft. per sec. in gallery. Joints 
grouted in 1932, reducing leakage to .75 cu. ft. per sec. 

Preparation of horizontal joints: Thoroughly broomed after initial set, scrubbed, 
broomed and washed with an air-water jet. Mortar grout broomed into surface 
just ahead of placing fresh concrete. Special care taken in the upstream 10 ft. 

Condition today: Slight evidences of exposure with irregular diagonal cracks 
between contraction joints. Slight seepage and some efflorescence on the exposed 
face. 
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Fig. 10—DOWNSTREAM FACE, WATER SUPPLY AND POWER DAM 


POWER AND FLOOD CONTROL DAM (FIG. 11, NEXT PAGE) 
Built 1933-1936—moderate heat cement 
1,200,000 cu. yd. concrete in 3 yr. Three 3-cu. yd. mixers. 
Maximum size of aggregate—6 in. 
Mix: .98 bbl. cement per cu. yd.—Interior; 1.19 bbl. cement per cu. yd.—Exterior. 
Concrete strengths: 4400 and 5300 p.s.i. at 28 days. 
Recorded temperature rise in concrete—35°F. 
: Consistency—1-in. slump, vibrated. 


Preparation of joints—cleaned with air and water. 

Condition today—about half of the blocks have vertical cracks midway between 
construction joints and horizontally at fill planes about every 50 ft. Some leakage in 
inspection galleries; some throuvh the dam, said to have been caused by separation 
at the horizontal joints due to cooling of the concrete, permitting water to pass 
around copper water stops in the vertical joints. 
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Fig. 11—DOwWNSTREAM FACE, POWER AND FLOOD CONTROL DAM 
MORRIS DAM OF PASADENA WATER SUPPLY, CALIFORNIA (F1G. 12)* 


Built 1932-1934—low heat cement 

500,000 cu. yd. in 2 yr.; maximum size of aggregate—7 in. 

Mix: .95 bbl. cement per cu. yd.—body of dam; 1.10 bbl. cement per cu. yd.— 
upstream 10 ft. 

Concrete strengths: 2100 and 2400 p.s.i. at 28 days. 

Recorded temperature rise in concrete: Maximum 44°F., average 40°F. 

Consistency: slump 11% in., concrete vibrated. 


*Construction of this dam described in a paper by Morris and White, Journat Amer. Concrete Inst. 
Mar.-Apr., 1934; Proceedings Vol. 30, p. 305 





Fic. 12—PorTION OF DOWNSTREAM FACE, MORRIS DAM 
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Preparation of joints: Thoroughly and heavily wire-broomed as soon as concrete 
was set enough to become crumbly, then cleaned with air jet. One-inch layer of 
mortar broomed in just ahead of new concrete. 

Condition today: Excellent. No leakage through the dam. Practically none in 
inspection galleries. Some pattern cracking on the roadway probably due to air 
shrinkage. 





Fic. 13—PorTION OF DOWNSTREAM FACE SHOWING CRACK 
Fic. 14—PorTION OF POWERHOUSE, NEVADA SIDE BOULDER DAM 


BOULDER DAM—U. 8S. BUREAU OF RECLAMATION, COLORADO RIVER 
(FIG. 13 AND 14) 


Cement: low heat cement in summer and blend of low heat (60 per cent) and 
normal portland (40 per cent) during cold weather. 

3,500,000 cu. yd. of concrete in 2 yr. Maximum monthly rate: 225,000; maximum 
daily 10,460; average monthly rate 160,000. 

Maximum size of aggregate: 8 in. mix: 1.02 bbl. cement per cu. yd. 

Concrete strengths: with low heat cements—3400 p.s.i. at 28 days; with blended 
cement—4000 p.s.i. at 28 days. 
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Recorded temperature rise in concrete: low heat cement 32°F.; blended 38°F. 

Consistency: 2 to 4in. slump. 

Preparation of joints: air and water spray. 

Condition today: Only very few cracks that show noticeable carbonate deposit. 
No leakage through the dam. Some pattern cracking on the superstructure appar- 
ently from air shrinkage. Leakage into the inspection galleries very small. The 
concrete itself is excellent. 


CONCLUDING REMARKS 


In this brief review no attempt has been made to trace the individual 
effects of all the factors mentioned in the opening remarks, but the 
influence of certain of these has been brought out quite clearly. 

In Crystal Springs Dam everything was favorable for mass concrete 
construction—low water-cement ratio—dry consistency—slow progress 
—small units—slow hardening cement—and the performance has been 
successful to a high degree. 


In Elephant Butte and Arrowrock Dams the high temperature rise, 
which makes the problem of mass concrete, was largely avoided by 
extremely low cement content. While other difficulties were intro- 
duced by this procedure, still a notable degree of success in water- 
tightness has been attained. 

In the more recent dams, with rates of placing vastly in excess of 
any of the earlier work, success has been achieved just about in 
proportion to the advantage which has been taken of the opportunities 
offered in the materials and workmanship to obtain watertight con- 
crete and prevent cracking or leakage at the joints. 


The poorest results have been those obtained where the work was 
carried out rapidly but with inadequate appreciation of the importance 
of high temperature rise or the evils of poor workmanship. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by July 20, 1938. For such 
discussion as may develop readers are referred to a supplement to be 
issued with the next issue of the JourNAL. The supplement will 
close the current Proceedings Vol. 34 and will include besides 
discussion, Title Page, Contents and Indexes, plus Membership 
Directory and “year book” information about A. C. I. Please 
note that the next JOURNAL will begin a new schedule of six 
Journals a year—September, November, 1938, January, 
February, April and June 1939. 
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Some Time-Temperature Effects in Mass Concrete* 


By J. W. Kewtiyt 
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INTRODUCTION 


Mass concrete is distinctive in that the temperature rise at early 
ages and the subsequent cooling result in stress conditions which tend 
to produce cracking. Further, the marked changes in temperature 
influence the properties of the concrete itself. Within limits, however, 
engineers in charge of the design of mass-concrete structures or mem- 
bers can regulate the temperature rise and its effects through selection 
and proportioning of materials and by taking advantage of favorable 
temperatures and rates of placement. 

Ordinary concrete structures may be subjected to temperature 
conditions similar to those for mass concrete, hence an understanding 
of the problems involved in mass-concrete construction will often be 
useful in other fields. 

Herein are reviewed the relation of temperature rise to the problem 
of cracking, the factors affecting temperature rise, and some effects 
of temperature and other variables on various significant properties 
of mass concrete. 

THERMAL STRESS AND CRACKING 

Although each structure presents particular problems, it is helpful 
to visualize the general interrelation of temperature, age, strain, and 
stress in a typical mass concrete, as shown by the diagrams of Fig. 1. 
Since measurements within an actual structure do not yield sufficient 





*Presented at the 34th Annual Convention, American Concrete Institute, Chicago, Feb. 22-24, 1938, 
as a part of the work of Institute Committee 108, Properties of Mass Concrete, of which Mr. Kelly is 
a member 

tResearch Engineer, Engineering Materials Laboratory, University of California, Berkeley. 
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Fic. 1—INTERRELATION OF TEMPERATURE, STRAIN, AND STRESS 


From reference 3. Tests at University of California. ener Dam portland- 
puzzolan cement; 0 to 3-in. gravel; cement content 1.0 b.c.y.; W 0.63 by wt. 
initial temperature 57°F.; curing in thin copper jackets in Sh tl e with actual 
temperature rise (diagram A); thermal-strain specimens 12-in. cubes, not restrained; 
stress specimens 12 by 48-in. ey linders, maintained at length observ ed at age 6 hours, 
at which time temperature was 60° F. 


data to evaluate the elastic and plastic effects directly, the diagrams 
are based on tests of large concrete specimens subjected to mass- 
concrete temperature conditions (3). The specimens represent con- 
crete in a lift near the base of a large dam where the restraint to 
horizontal expansion or contraction may be almost complete, with the 
next lift placed at the age of about 5 days. The sequence of tempera- 
tures is shown by the lower curve of Fig. 1A. 


The free length change which the concrete would undergo if it were 
unrestrained is shown in Fig. 1E as ‘‘observed thermal strain.’ It is 
essentially thermal expansion since in mass concrete the net length 
change due to cement hydration and moisture change is small. As 
the coefficient of thermal expansion is practically constant after the 





aS SS 








Time-Te m perature E ff cts in Mass Concrete 575 


first day or so (Fig. 1B), the thermal strain (Fig. 1E) follows the 
temperature rise (Fig. 1A) rather closely. 

Since the concrete is restrained from expanding, stress is produced 
—in compression during the period of rising temperature but in tension 
soon after the temperature begins to decline. In the typical case shown 
(Fig. 1G and 1A), the development of tensile stress began 15 days 
after the peak temperature was reached, and at a temperature only 
6°F. below the peak temperature. As cooling continues, the tensile 
stress increases either until an equilibrium temperature is reached 
or—if the stress exceeds the tensile strength—until the restraint is 
relieved by local cracking. In the case illustrated, the concrete failed 
by cracking ,at the age of 79 days, when the temperature was still 
about 15° F. above the placement temperature. 

If the concrete were perfectly elastic and completely restrained, the 
compressive stress due to temperature rise would have been about 300 
p.s.i. at the age of 3 days and about 500 p.s.i. at the age of 26 days when 
the peak temperature was reached. However, as soon as stress is 
developed the concrete begins to flow plastically and thus to relieve 
part of the stress. If restraint is complete, the sum of the plastic 
flow and the elastic strain (producing stress) is always equal to the 
thermal strain. The rate of flow is relatively rapid at the early ages 
but is slow after the first week or so (Fig. 1C); at ages of 10 to 30 
days the cumulative plastic flow was about 80 per cent of the total 
(thermal) strain whereas in tension at the later ages the flow was 
only about 10 per cent of the total strain (Fig. 1E). 

The modulus of elasticity of concrete is relatively low at the early 
ages and relatively high and almost constant at the later ages (Fig. 1D); 
thus the elastic (stress-producing) share of the total strain is high at 
the later ages. 

The compressive stresses in themselves are not of consequence; in 
fact, the greater the elastic compression the larger will be the tempera- 
ture drop before tension begins. For the lift as a whole the ideal 
combination of elastic and plastic properties would be high elasticity 
and low plasticity during the period of rising temperature, and low 
elasticity and high plasticity in tension during the cooling period. 
Unfortunately in this case the reverse conditions exist. 

The simple case just discussed is subject to many modifications in 
actual structures: The temperature and nature of the surroundings 
may vary, perhaps suddenly. Various portions of a lift or mass are at 
different temperatures, and the restraint of one portion on another 
may be even greater than the restraint from other sources. Concrete 
near the surface is subjected to more rapid cooling than the interior 
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concrete. Near joints, cracks, or abrupt changes in section, stress 
concentrations may exist. Ameliorating influences are that restraint 
is seldom complete, and that early cracks extending a short distance 
inward from the surface may become closed later when the interior 
cools, although the cracks may gradually progress through the mass. 

To summarize, the interrelation between temperature, restraint, and 
the properties of mass concrete is such that the concrete is compressed 
(usually horizontally) at the early ages and is stretched at the later 
ages. If the tensile stress resulting from the combined effects of 
temperature change, moisture change, and load can be kept below the 
tensile strength, cracking will be avoided. Tensile stress due to tem- 
perature change can be reduced in practice through the use of con- 
cretes of low heat generation, low temperatures and favorable rates 
of placement, and concretes having favorable thermal, elastic, and 
plastic properties. 

FACTORS AFFECTING TEMPERATURE RISE 

The rate and total amount of temperature rise in mass concrete 
depend not only on the heat generation but also on the rate at which 
heat is dissipated. For mass-concrete structures only a few feet thick, 
the heat dissipation is relatively rapid and the rate of heat generation 
is of greater significance than the total amount. Prediction of the 
actual temperature rises at critical locations within a concrete mass 
is a complicated problem, but a simplified method developed by Carlson 
yields results sufficiently accurate for many purposes (4). Methods 
of analysis to determine temperatures, strains and stresses in mass 
concrete are discussed in another paper on this program (14). 


Heat Generation 


The amount of heat generated within mass concrete is influenced 
by the type of cement, the temperature of placement, the water-cement 
ratio, and the cement content. 

The influence of type of cement on heat generation is shown in 
Fig. 2, in which the abscissas represent age and the ordinates represent 
temperature rise of concrete cured adiabatically, that is, without loss 
or gain of heat. (For practical purposes, the adiabatic temperature 
rise may generally be taken as proportional to the heat generation.) 
The diagram shows that heat is generated most rapidly and in greatest 
total amount by the high-early-strength portland cement, followed 
in order by the normal portland, modified portland, portland-puzzolan 
(25 per cent pumicite), and low-heat portland cements. Although 
the type and amount of puzzolan in a portland-puzzolan cement affect 
the heat generation, the relation shown for pumicite is typical. 
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Fig. 2- RELATIVE EFFECT OF TYPE OF CEMENT ON ADIABATIC TEMPER- 
ATURE RISE OF CONCRETE 

_ Adapted from reference 1, pp. 46, 63, and 86. Tests by U. S. Bureau of Reclama- 

tion and National Bureau of Standards. Based on cement content of 1.0 b.c.y. 
Specific surface of cements on Wagner turbidimeter basis. 

Fig. 3—TyYPICAL EFFECT OF PLACEMENT TEMPERATURE ON 
ADIABATIC TEMPERATURE RISE OF CONCRETE 
From reference 11. Tests at University of California. Bonneville Dam portland- 
puzzolan cement; 0 to 6-in. gravel; cement content 0.9 b.c.y.; W/C = 6.61 by wt. 


The compound composition and the fineness of portland cement 
both affect the heat generation; and factors expressing their effects 
quantitatively have been published (1) (2). In general, heat is gener- 
ated most rapidly and in greatest total amount by tricalcium alumi- 
nate (3CA), followed in order by tricalcium silicate (3CS), dicaleium 
silicate (2CS), and tetracalcium alumino-ferrite (4CAF). Fine cements 
generate heat more rapidly than coarse cements, but the effect of 
fineness on ultimate heat generation is small. 
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A typical relation between placement temperature of mass concrete 
and heat generation (expressed as adiabatic temperature rise) is shown 
in Fig. 3. The higher the initial temperature, the more rapid the 
temperature rise at early ages but the less the ultimate temperature 
rise. However, the difference in ultimate temperature rise is only 
a fraction of the difference in initial temperature; and for low-heat 
portland cements the ultimate temperature rise tends to be actually 
higher for the higher initial temperature (1). These relations point 
to the desirability of placing mass-concrete structures at relatively 
low temperatures. 

On the average, each increase in water-cement ratio of 0.01 by 
weight increases the heat of hydration at all ages by about 1 calorie 
per gram of cement (2); this corresponds to a temperature rise of about 
two thirds of one degree Fahrenheit in mass concrete containing 1 
barrel of cement per cubic yard. 

The heat generated in a given volume of concrete may generally 
be taken as proportional to the cement content. Although richer 
mixes gaged to a fixed consistency have lower water-cement ratios 
and correspondingly lower unit heat generation, this effect tends to be 
offset by the higher temperatures attained by the richer mixes. 


Heat Dissipation 


While the temperature of the concrete is above that of the surround- 
ings, heat is dissipated. Factors tending to cause the more rapid 
dissipation of heat and thus to reduce the actual temperature rise are 
a large difference in temperature between the surroundings and the 
concrete; free circulation of the surrounding medium (air or water); 
absence of insulating material such as forms or backfill; units of 
concrete placement so shaped as to have a high ratio of exposed 
surface to volume; small units of placement (even of the same 
surface-volume ratio) each having a relatively small total quantity 
of heat to be dissipated; long exposure of each unit before covering 
it with another unit; and concrete of high conductivity. The dissi- 
pation of heat may be accelerated by artificial means, such as the pipe- 
refrigeration method used for Boulder Dam. 

If the least horizontal dimension of the unit of concrete placement 
is relatively large so that the concrete is placed in lifts, the tempera- 
ture rise can be reduced by placing the concrete in shallow lifts and 
leaving each lift exposed for a long period; but such an arrangement 
may not result in the most favorable stress conditions because the 
differential strains as between lifts then become large. Further, 
such an arrangement generally increases the cost of construction and 
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increases the number of planes of weakness. Comparisons of various 
combinations of thickness of lift and time of exposure can be made 
expeditiously by the Carlson method (4). 


EFFECT OF TEMPERATURE AND OTHER VARIABLES ON PROPERTIES OF 
MASS CONCRETE 


The temperature of mass concrete during the hardening period 
affects not only the thermal-stress conditions but also various signifi- 
cant properties of the concrete itself. Of the many variables and 
properties considered significant for concretes in general, of special 
interest with regard to mass concrete are those that are affected by 
the time-temperature history. In the paragraphs to follow are given 
some brief statements regarding these properties, with references to 
publications containing more detailed information. 

Workability; Water Requirement 

The lower the placement temperature of concrete, the wetter the 
consistency of a given mix or the less the water requirement for a fixed 
consistency. Over the range 100 to 40°F., a reduction of 30°F. either 
reduces the water-cement ratio (by weight) by about 0.02 or increases 
the slump almost 1 inch (3). The effect of temperature is similar for 
both portland and portland-puzzolan cements. Portland-puzzolan 
cements exhibit a high degree of workability as compared with port- 
land cements (3,12). 

Water Gain 

In mass concrete, water tends to rise from the bottom portions of 
a lift and thus to dilute the cement-water paste in the upper portions. 
Also water tends to collect beneath the large pieces of aggregate and 
form surfaces of weakness with regard to strength and watertightness. 
The lower the temperature the greater the tendency toward water 
gain; for example, the amount of water rising to the surface of a 6 by 
12-in. cylinder was 30 per cent greater at 40°F. than at 70°F., and 60 
per cent less at 100°F. than at 70°F. (3). The effect of temperature 
is similar for both portland and portland-puzzolan cements although 
the water gain is far less for the portland-puzzolan cements than for 
the portland cements (3). 

Permeability 

The lower the placement temperature of mass concrete the greater 
the resistance to percolation of water. At the age of 60 days, a port- 
land-cement concrete mass-cured from 40°F. was about 50 per cent less 
permeable, and mass-cured from 100°F. was 25 to 50 per cent more 
permeable, than corresponding concrete cured moist at 70°F. (9). 
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Fia. 4 EFFECT OF CASTING AND CURING AT LOW TEMPERATURES ON 
COMPRESSIVE STRENGTH OF CONCRETE 
From reference 3. Tests at University of California. 0 to °4-in. gravel; cement 
content 1.6 b.c.y.; slump 3!% in.; 3 by 6-in. cylinders. Specimens cast, cured under 
water, and tested (damp) at the temperatures indicated. Specific surface of cements 
by hydrometer. 


At the age of 28 days, under comparable conditions the inflow of 
water under pressure into mass concrete was twice as great for a low- 
heat portland cement as for a portland-puzzolan cement, and three 
times as great for a modified portland cement as for the portland- 
puzzolan cement (3). 


Strength 


In mass concrete, high tensile strength is desirable in order to reduce 
cracking, although tensile strength is not ordinarily considered in the 
structural design. Tensile strength develops more rapidly at early 
ages, and less rapidly at later ages, than compressive strength; it 
ranges from perhaps '/, to '/\, of the compressive strength(13). Port- 
land-puzzolan cements characteristically exhibit high tensile strength 
of concrete (1,3). 

Compressive strength in itself is not of primary importance with 
regard to mass concrete, since usually the working stresses are low; 
but compressive strength is a convenient and useful means of evaluat- 
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Fic. 5—EFrEctT OF CASTING AND CURING AT VARIOUS CONSTANT 
TEMPERATURES ON COMPRESSIVE STRENGTH 
From reference 2. Tests at University of California. Specimens cured in sealed 
containers, at the indicated temperature up to the age of 3 months and at 70°F. 
thereafter. Tests at 70°F. Average for a commercial normal and a commercial 


modified portland cement; 1:34 mortar; W/C for fixed consistency of concrete; 
2 by 4-in. cylinders. 


I'ic. 6—COMPARISON OF MASS-CURED AND STANDARD-CURED 
CONCRETES 


From reference 1. Tests by U. 8S. Bureau of Reclamation. Mass-cured specimens 
stored in sealed containers, adiabatically from 70° F. up to the age of 28 days and 
at 70°F. thereafter. Tests at 70°F. Average for mortar and concrete specimens; 
average for 9 normal and 12 low-heat portland cements. 


ing the degree to which hydration has progressed and thus is an index 
of other significant properties. 

The effect of continuous low temperatures on compressive strength 
of concrete is shown for four types of cement in Fig. 4. The coneretes 
were cast, cured (under water), and tested at temperatures ranging 
from 70 to 35°F. as indicated on the diagrams. The low curing tem- 
peratures greatly retard the rate of strength development, but do 
not materially affect the strength at the age of 3 months except for 
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the low-heat portland cement. Of particular interest with regard to 
mass concrete are the large differences in strength as between the 
portland-puzzolan and the low-heat portland cements—differences 
greater in proportion than are the usual differences in heat generation 
as between these types. 

If a period of continuous low-temperature curing is followed by 
curing at hormal temperature, greater compressive strength may be 
developed than that obtained at normal temperature, as illustrated 
for one case in Fig. 5. 

Mass concrete cast at a temperature of about 40°F., with tempera- 
ture rising thereafter, within a few days develops compressive strength 
about equal to that for continuous curing at normal temperature (1), 
and the ultimate strength is not impaired (1,3). 


It has been suggested that casting concrete at fairly low tempera- 
tures produces a more favorable condition for the formation of gel 
and accounts for the large increase in strength when the temperature 
later approaches normal (15). Further, the slightly lower water require- 
ment at the lower temperatures tends to increase the strength. At 
any rate, such temperature conditions offer promise, particularly in 
view of the favorable effects of low initial temperatures on peak 
temperatures and thermal stresses, as previously discussed. In some 
vases, it would be feasible to obtain low placement temperatures 
through scheduling construction at favorable seasons or even at 
favorable times of the day. Although precooling of the materials 
for concrete is expensive, it should not be omitted from consideration. 

Mass concrete cast at normal temperature, with temperature rising 
thereafter, develops relatively high strength for the first month or so; 
but at later ages the strength is generally somewhat less than that 
for curing continuously at normal temperature, as shown in Fig. 6. 
The values given are for normal and low-heat portland cements; 
modified portland cements are intermediate and show similar trends. 
The conditions of mass curing from normal temperatures appear to be 
generally favorable to the development of high strength of concretes 
containing portland-puzzolan cements, particularly fly-ash cements 
(12). 

Concrete cured continuously at temperatures above normal exhibit 
relatively low strengths at ages greater than a few days, as illustrated 
in Fig. 5; and even if the curing temperature is reduced to normal the 
strength is still relatively low. Mass concrete cast at temperatures 
higher than normal may exhibit a relatively high strength for the first 
few days if the temperature rise is not large, but the ultimate strength 
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is lower than that for standard-cured concretes or for mass concretes 
cast at a normal temperature (1). 

The strength of concrete varies with the temperature of the mass: 
the lower the temperature the higher the compressive and flexural 
strength. At the age of 4 months the’ compressive strength of a normal 
concrete was at 45°F. equal to 109 per cent, and at 100°F. equal to 93 
per cent, of the strength at 70°F. (unpublished tests at the University 
of California). At the age of 35 days the flexural strength of mortar 
was at 40°F. equal to 112 per cent, and at 100°F. equal to 85 per 
cent, of the strength at 70°F. (6). 

Elasticity 

Other things being equal, during the period of cooling of mass 
concrete a low modulus of elasticity is desirable in order that the 
stress resulting from a given thermal strain be low. The effects of 
curing temperatures on elastic modulus are similar to the effects on 
strength (2,3). As between a modified portland, a low-heat portland, 
and a portland-puzzolan cement, at ages greater than 28 days differ- 
ences in modulus of elasticity are roughly proportional to differences 
in strength (3). The type of aggregate has relatively more effect on 
modulus of elasticity than on strength; for example, a concrete con- 
taining a dense aggregate (basalt) has a high modulus relative to the 
compressive strength (3). 

Plastic Flow 


As brought out in the discussion of Fig. 1, high plastic flow of mass 
concrete at the later ages is desirable in order to relieve so far as 
possible the tensile stress resulting from contraction during the cooling 
period. At the later ages, the magnitude of flow is about the same in 
tension as in compression (7). 

Under moist conditions, the direct effect of curing temperature on 
plastic flow is small (7), although curing temperatures probably 
affect flow indirectly through their influence on the rate of hydration— 
the greater the degree of hydration the less the flow. From this stand- 
point, slow-hardening cements are advantageous in mass-concrete 
construction. Concretes containing low-heat portland cements flow 
considerably more than corresponding concretes containing normal 
portland cements (7); and portland-puzzolan cements exhibit greater 
flow than corresponding portland cements (1). Concretes containing 
aggregates of a dense compact structure generally flow less than 
those containing aggregates of loose or heterogeneous structure, 
although the shape and surface texture of the aggregate particles 
undoubtedly affect the comparisons (7). The leaner the mix, the 
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greater the flow (7). The amount of flow is roughly proportional to 
the applied stress (7). 


Hygral Length Changes 


The rate of diffusion of water through concrete is so slow that in 
large masses the concrete more than a foot or so from an exposed 
surface remains practically unchanged in moisture content (8). At 
the middle of a 3-foot wall with surface exposed to air at 70°F. and 
70 per cent relative humidity, measurable net shrinkage was observed 
only after a drying period of about 9 months, considerably longer 
than a normal drying season (3). In the interior of mass concrete 
the tendency to expand due to combination of cement and water is 
opposed by a tendency to contract due to reduction in uncombined 

rater; and there is little or no hygral length change. 


In concrete mass-cured from 40°F., portland cements exhibit no 
appreciable change in length but a portland-puzzolan cement exhibits 
a slight contraction (3). In concrete mass-cured from 70°F., portland 
cements expand slightly more than can be attributed to thermal 
expansion (10), but portland-puzzolan cements characteristically 
contract somewhat (1). On the whole, however, the hygral length 
changes in the interior of mass concrete are so small that usually they 
are not considered in computation of thermal stresses. Surface check- 
ing may occur due to drying of a shallow surface layer, but this is 
to be distinguished from cracking which extends for any considerable 
depth and which is due primarily to temperature changes. 


Thermal Expansion 


Low thermal expansion of mass concrete is desirable in order to — 
reduce the strains (and therefore stresses) resulting from temperature 
changes. The coefficient of thermal expansion of moist concrete is 
slightly higher under rising-temperature conditions than under con- 
ditions of falling temperature (3,10), either because of some expansion 
due to cement hydration during the period of observation or because 
of some irreversible set which occurs when the specimen is expanded. 
As with other materials, the coefficient of thermal expansion of con- 
crete is somewhat higher at higher temperatures (3). It may differ 
as much as 15 per cent as between portland cements and as much as 
70 per cent as between aggregates; it is slightly greater for a rich mix 
than for a lean mix, and slightly greater (up to 5 per cent) for wet 
concrete than for dry concrete. At ages greater than about one day, 
it is higher than during the first day and is practically constant for a 
given concrete (11). 
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Conductivity 


In mass concrete, high conductivity is desirable as it results in a 
relatively rapid dissipation of the heat of hydration and a more uniform 
distribution of temperatures within the mass. The conductivity of 
concrete varies somewhat with temperature, being up to 10 per cent 
lower at 40°F. than at 100°F. (10). The conductivity is governed 
principally by the type of aggregate; for example, a quartzite coarse 
aggregate in concrete exhibited a conductivity 67 per cent greater 
than that for basalt aggregate (5). Conductivity is practically un- 
affected by richness of mix or by type of cement (3). 

Specific Heat 


The specific heat of mass concrete is significant insofar as it affects 
the temperature rise. It varies but little with type of aggregate (5) 
and richness of mix (3), but is about 5 per cent less at 40°F. than at 
70°F. (10). For practical purposes it is usually taken as constant for 
a given concrete, at about 0.22 B.t.u. per lb. per degree F. 
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Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by July 20, 1938. For such 
discussion as may develop readers are referred to a supplement to be 
issued with the next issue of the Journau. The supplement will 
close the current Proceedings Vol. 34 and will include besides 
discussion, Title Page, Contents and Indexes, plus Membership 
Directory and “year book’’ information about A. C. I. Please 
note that the next JOURNAL will begin a new schedule of six 
Journals a year—September, November, 1938, January, 
February, April and June 1939. 
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Discussion of a paper by J. W. Kelly: 
Some Time-Temperature Effects in Mass Concrete* 


K. HAJNAL-KONYIT 


Fig. 2 and 3 show the adiabatic temperature rise for various cases. 
May I draw attention to a proposal made by Prof. A. Kleinlogel and 
myself in the German journal Zement No. 1, 1933, for the representa- 
tion of heat generation of cement. The title was ‘‘Beziehungen 
zwischen Abbindezeit und Warmeentwicklung von Zement.”’ (Rela- 
tions between the. time of setting and the heat generation of cement.) 


Calculating the differential coefficient of the heat generation curve 
(which as the author states may generally be taken as proportional 
to the adiabatic temperature rise) we obtain its slope which indicates 
the heat evolved in a unit of time. In our paper we called this value 
“Abbindegeschwindigkeit” (“‘speed of setting’) and took an hour as 
unit of time. It is a very characteritsic value of the whole process of 
hydration; it shows, when plotted, the special features of the hydration 
much clearer than does the heat curve itself. 


The practical application of this value to the comparison of the 
various cements has been given by H. Keller in Beton u. Eisen 1937 
Nos. 15, 16 (Der EinfluB silikatischer Beimischungen auf die Bildung 
von Kalkhydrat, auf Abbindewiirme und Festigkeit von Portland- 
zement). 


The same method could be adopted for the problem dealt with in 
Mr. Kelly’s paper taking a day as unit of time. 


*JourNAL, Am. Concrete Inst., May-June, 1938; Proceedings Vol. 34, p. 573. 
tConsulting Engineer, London, England. 
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On the Work of the Committee on Architectural Concrete 
of the Exposed Aggregate Type and the Thomas 
Alva Edison Memorial Tower* 


By Joun J. EARLEYT 


MEMBER AMERICAN CONCRETE INSTITUTE 


A FRIEND, whose opinion I value highly and with whom I have spent 
many pleasant hours discussing the vision of concrete, recently wrote 
to me saying “I think we should stop making a mystery of craftsman- 
ship and get down to the precise details of what and when and how 
and why, then we will have something to give to the world which will 
be a real foundation for more of the same. I am convinced beyond 
any reasonable doubt that the kind of support you would like to have 
for the development of architectural concrete of the exposed aggregate 
type will come as rapidly as the element of mystery is removed.” 
I repeat this to you because I do not know how better to express 
what I think on the subject. I recognize the mystery of craftsman- 
ship but can do nothing to dispel it. The mystery is not of my making 
nor of my keeping. It is wrapped up in the operations of a human 
soul. It can be disclosed only through careful and methodical obser- 
vation, notation, analysis and synthesis which is science. 

For twenty years I have presented from time to time to the American 
Concrete Institute papers on architectural concrete of the exposed 
aggregate type. None of them was a scientific paper and that is 
because I am unable to write a scientific paper and again because I am 
not a scientist. I am a craftsman and all that I could ever do was to 
record sensible experiences and the conclusions drawn from them and 
to describe the work which resulted from those conclusions. In all 
of these papers a vision has appeared, in which architectural concrete 


*Presented at the 34th Annual Convention American Concrete Institute, Chicago, Feb .22-24, 1938, 
tArchitectural Sculptor, Washington, D. C. 
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of the exposed aggregate type has been the glory of structural concrete 
and in all these papers there has been an exhortation to the American 
Concrete Institute to take up architectural concrete of the exposed 
aggregate type for scientific study. Now this study is about to be 
made, the work is a new effort in the Institute and I am happy to see 
the beginning of what I have so long desired. This paper therefore is 
the last of a series, my work, in so far as it is related to this subject, 
will be continued only as part of the work of the Committee on Archi- 
tectural Concrete of the Exposed Aggregate Type. I agree with my 
friend, and believe, that unless this committee can begin with the 
facts, all the available facts, and translate them from the mysterious 
twilight of craftsmanship to the clearer light of science, we will not 
see the kind of support I would like to have for the development of 
architectural concrete of the exposed aggregate type in this generation. 

At our 1937 convention in New York, R. H. Shreve, vice president 
of the American Institute of Architects, invited the American Concrete 
Institute to join with them in an effort for the further development of 
reinforced concrete for architectural purposes. This was the incident 
which attracted the attention of our Board of Direction and afforded 
an occasion for the appointment of a committee to begin the work. 

Several types of concrete, well known to all of you, have been used 
for architectural purposes. All of them have achieved some degree 
of success but all of them can not reasonably be studied at the same 
time. Wisdom indicates simplicity and the desireability of studying 
the several types of architectural concrete in an orderly sequence. 
Architectural concrete of the exposed aggregate type was selected as 
the first to be submitted to scientific study because this type of con- 
crete was originally designed for architectural purposes, has been 
successfully used during a considerable period, on a number of import- 
ant projects, and because Mr. Shreve definitely mentioned it as a 
type of concrete acceptable to architects. Perhaps this sets up the 
definition—architectural concrete is concrete acceptable to architects. 
In order to understand this a little more clearly let me explain that the 
architectural concrete which I have in mind was not developed from 
structural concrete. It was developed in the studio as an economic 
substitute for mosaics of the tesserae type. In its very conception 
it had to conform to architectural requirements for the execution of 
design. If it had not been acceptable to architects in the beginning 
there would have been no further growth. 

With every step in the development of studio technique for the 
making of, what I like to call, plastic mosaics, the possibility of relat- 
ing that technique to the making of structural concrete appeared to 
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be more and more reasonable. And so plastic mosaics, contrived for 
the execution of design economically in a beautiful and permanent 
material, gradually worked their way into a broader field and became 
architectural concrete of the exposed aggregate type. It is deceiving 
to see the material as a form of structural concrete elevated to the 
level of an artistic medium when on the contrary it is an artistic 
medium extended to more general use. This is most important. The 
idea is the foundation for a system of thought which in my opinion is 
necessary to proper consideration of the subject. 


In appointing the committee on Architectural Concrete of the 
Exposed Aggregate Type, the Board of Direction gave more extensive 
instructions than are usually given to a technical committee. The 
Board indicated its intention to keep in close contact with the work 
of the Committee and advised it that the work when finished must 
conform to a pattern of general policy designed by the Board to extend 
the work of technical committees to the largest possible number of 
persons who can be benefited by it. Obviously the work of this com- 
mittee will be of great benefit to technical men both in and out of the 
Institute, to owners and engineers and architects, to builders and 
manufacturers of concrete products for architectural use. The Board 
of Direction can not therefore, accept as complete the work of its 
committee until the record is not only in scientific form but in such 
forms as will make the subject matter available to architects, engineers, 
owners, builders, and manufacturers. In suggesting that the com- 
mittee keep this policy in mind and be governed by it, the Board 
realizes that an immense amount of work has been imposed upon the 
chairman and upon those who will be actively engaged with him, 
but it feels that the effort will have been well made if an architectural 
concrete of good quality can be made generally available. 


Aside from the policy of the Board, the work of the Committee 
seems to be to take architectural concrete of the exposed aggregate 
type apart, to examine its theory, materials, methods and results as 
found in the work of its craftsmen and to determine whether they do 
or do not conform to the science of making good concrete. All of this 
must then be put together again in such a way that it will conform to 
the science of making good concrete and so that the resulting archi- 
tectural concrete will be the best that can be devised at the present 
time. In addition to the foregoing it seems that the committee, to 
complete its work, must preserve its findings in scientific form in the 
records of this Institute and the same subject matter must be expressed 
so that the greatest possible nurnber of interested people may obtain 
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from the records of the Institute enough information on the material 
and on the uses of the material to help them in their business. The 
practical value of such information is great. A few items may serve 
to illustrate the point: Such information would inform the engineer 
how to combine architectural concrete with structural concrete or 
other structural materials, whether the material be a load upon his 
structure or a part of it, whether it will protect the building from 
weather and for how long; it will advise the architect whether he may 
use the material in any form proper to masonry, and whether it frees 
him from prescribed restrictions in design, whether it can be used for 
construction as well as design and what it affords of texture and perma- 
nent color. It wiil tell the builder that the entire process of making 
and erecting architectural concrete can without disturbance be in- 
cluded in the ordinary processes of building and what the material 
offers in economy and speed: Finally it will teach those who want to 
make architectural concrete of the exposed aggregate type how to do 
it. 

As I see this Committee, it will be composed of men representing 
three branches of work, namely, science, craftsmanship and archi- 
tecture. I have been selected to represent the craftsmen who have 
made architectural concrete of this type what it is. My duty is to 
present their work to the scrutiny of science and architecture, to 
explain and define their theories and methods and to point out in 
the vision of concrete the perfection which draftsmen hope to attain. 
It is an humbling task. I approach it in simple sincerity and in the 
hope that I will not lose my way in this great maze of detail and miss 
the end which I now see so clearly. 


The impossibility of covering this subject within the limits proper 
to a paper must now be clear to you. It will require volumes. Yet 
I wish to give you some idea of how such a work could be begun. Any 
method of procedure must receive the approval of our chairman. It 
is of course his province to write our program and to hold us to its 
pattern. So, what I now say must not be regarded as part of the 
program of our new committee on architectural concrete of the 
exposed aggregate type, because as a matter of fact the program has 
not yet been written. 

EDISON MEMORIAL TOWER 

Keeping in mind that the membership of the committee, aside 
from myself, represents architecture and science I am prompted 
first to present the matter objectively using the Edison Memorial 
Tower as an example indicating the architectural requirements and 
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Fic. 1 AND 2— Day AND NIGHT VIEWS OF THOMAS ALVA EDISON MEMOR- 
IAL TOWER AS COMPLETED 


Massena and DuPont, Architects, Wilmington, Del.; Walter Kidde Constructors, 
Inc., Engineers and Contractors, New York; Earley Studio, Rosslyn, Va., producers 
of the architectural concrete surfaces which as precast units served as outer forms 
for structural concrete. 


how they were met in our studio, next indicating the materials and 
methods from the beginning to the end and finally the theories upon 
which the processes are founded. Then, beginning with this, the 
committee of the Institute must say whether or not these theories 
are sound, whether the technique affords good concrete, whether the 
results are reasonably permanent and whether the color and texture 
and facility of design are architecturally acceptable. These findings 
will be the answer. 

Thomas Alva Edison was interested in portland cement and concrete. 
He saw these materials as a new plastic, or perhaps a fluid, which 
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could be made to be of inestimable value to the building industry. 
I do not know how full Mr. Edison’s vision of concrete may have been, 
but I am convinced of his interest and his desire to give it further 
study if his attention had not been distracted by his dominant interest 
in the electrical arts and sciences. After Mr. Edison’s death, his 
friends built a living memorial to him with the useful lives of young 
men educated under his continued patronage, and they symbolized 
this memorial with a great light set high on a concrete tower. 

When our studio was selected to execute the architectural design 
with concrete, we placed the material before the architect without 
prescribed restrictions on form, color or texture. This in my opinion 
is the supreme test of an architectural material of the first order. 

The architects designed a tower about 130 feet high. It is octagonal 
in plan with a buttress on each corner. It diminishes in cross section 
from bottom to top. Near the top where the tower closes in to receive 
the base of the great lamp the projecting faces of the buttresses recede 
and the recessed planes of the octagon continue. This reverses the 
basic plan and produces a complicated form. The color scheme was 
developed as an academic problem of design. The colors were care- 
fully graded in value, that is in brightness, from bottom to top. They 
were not blended continuously from bottom to top but were changed 
progressively in ten foot lifts. Each lift was uniform in color but 
differed in color from the lift immediately above or below. The colors 
were dark at the bottom but bright at the top. The surface had a 
double texture, a texture resulting from the granular arrangement of 
the aggregate and a texture resulting from differently colored stones 
arranged in another pattern on the surface. The base of the tower was 
black, and above that yellow blending into white, but at the top the 
white was tempered with cobalt blue to soften the lines of the tower 
against the sky and to harmonize it with the cast glass lamp set on 
top. Such were the architectural requirements. 

Aggregate used 

The materials selected were as follows: The aggregate of the black 
base was a combination of black glass and two values of black ceramics 
and a vivid red glass. Black glass was used to give brilliance to the 
surface but it could not be used alone because in full light too many 
facets would show speculiar lighting which makes them white and by 
that much brightens and grays the whole surface. (Let me illustrate 
this, I remember an experience of some years ago. We received an 
order for four black columns. They were for interior use and the 
architect required that they be as black as possible. With consider- 
able difficulty we obtained a lot of very hard anthracite, which was 
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properly sized and used for aggregate. Greatly to our surprise the 
finished castings were gray and not black because a large percentage 
of the facets, which were broken surfaces, reflected specular lighting 
and were white.) To the black glass we added two values of black 
ceramics because one value of black is always monotonous and above 
all other colors black must be guarded against monotony. The mater- 
ials for black ceramics must be compounded and burned with great 
care. The density must be held within close limits because the broken 
surfaces must have a mat finish to avoid specular lighting but they 
must not be sufficiently porous to hold cement. This would interfere 
greatly with, indeed it might prevent, the cleaning of surfaces with 
acid at a later time. The vivid red particles were very hard, and 
very red glass, and were included to decorate the surface and make 
it interesting when seen from near at hand. 

Very often architectural concrete which appears well at a distance 
is very disappointing when seen from near by. This is due partly to 
the physics and partly to the psychology of sight and must be given 
consideration in the design of concrete surfaces. Every concrete 
surface should be so designed that at great distance the particles of 
aggregate, which are spots of color, will resolve out into a pleasingly 
uniform hue and so that at intermediate distance, the texture of 
particles and the texture of color will produce an appearance harmoni- 
ously related to the general scale of the structure. The surface must 
also be designed so that on close inspection it is entertaining. 

The materials for the first two yellow courses were yellow quartz 
pebbles from the Potomac River and Rose quartz pebbles from North 
Carolina, and two values of yellow ceramics. Experience with our 
first studies of these two lifts showed that the desired range of values 
for the whole tower would probably not be available in yellow quartz. 
but that the intermediate values which we needed could be obtained 
in rose quartz. We therefore, decided to move the color of the tower 
slightly towards red and to begin even in the first lifts to introduce 
the rose quartz on which we depended for intermediate values. This 
was definitely a bid for uniformity of hue. To the varying quantities 
of the above materials which governed the colors of the first two lifts, 
yellow ceramics were added to maintain the desired strength of chroma. 
In the next several courses the yellow ceramics were omitted and the 
yellow and rose quartz were gradually replaced by a less colorful 
quartz pebble found in Virginia, and by an opaque white quartz 
from South Carolina. For several more courses the less colorful 
quartz was replaced by a clear transparent quartz until all was white, 
and finally to the white material cobalt blue ceramics of high value 
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and very weak chroma were added. The cements were normal white 
cement and gray cement from the same plant. They were blended 
or used separately as the needs required. The reinforcements were 
No. 4 gauge galvanized steel wire electrically welded at intersections. 
The mesh was supplemented by separate rods designed to form attach- 
ments and to give stiffness for handling. So much for materials. 


Architectural concrete slabs for forms 


Methods for handling these materials were similar to methods 
previously described before the Institute. In review let it be enough 
to say that they were crushed and screened into two uniform sizes. 
The two sizes were recombined with portland cement in a proportion 
by weight of 1:1.1:3.2 or by volume of 1:1:3 and approximately five 
gallons of water. This mix was carefully cast in molds without dis- 
turbing its uniformity. When set, but before it had thoroughly 
hardened, the molds were removed and the surface of the concrete 
was brushed with steel wire brushes until the aggregate was evenly 
exposed over the whole surface. Subsequently the surface was cleaned 
with a weak solution of muriatic acid. 

The work was executed in a simple, practical way by precasting the 
exterior of the tower in our studio as thin slabs. The slabs were two 
inches thick, and ten feet high by the full girth of the buttresses or 
by the full width of each side of the octagon. For reinforcement an 
electrically welded steel wire mesh was placed about midway of their 
thickness. Loops of steel wire attached to the mesh were allowed to 
project through the backs of the slabs for attachments.. When finished 
the slabs were taken to the site and set in place as the exterior or face 
form for the structural concrete. Strips of compressed cork one 
quarter of an inch thick and two inches wide were placed between 
the slabs to space the joints and to act as softening while the slabs were 
being set. The cork strips remained in the joints. When wetted they 
expanded effectively closing the joints but allowing a considerable 
degree of freedom between the slabs. The back form was convention- 
ally made with wood. It was tied through the wall to the face form 
with specially designed ties operating in two directions and acting as 
separators as well as ties. This construction produced a typical form 
condition into which without any modification of conventional tech- 
nique a lift ten feet high of structural concrete was placed. One lift 
was placed after another until the tower was finished. 

Some years ago we almost despaired of ever being able to apply an 
acceptable architectural finish to structural concrete. At that time 
our choice was restricted between a stucco finish of the exposed aggre- 
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gate type and the application of studio methods to the entire mass of 
structural concrete. Some satisfactory work has been done by the 
stucco method but enough unsatisfactory work has accompanied it to 
create a prejudice against stucco. On the other hand the application 
of studio methods and studio wages to the whole of a structural con- 
crete building done in the field is outside of the limits of economic 
possibility. Recently, however, we have found a satisfactory method 
of applying architectural concrete to structural concrete. It is that 
mentioned above, the placing of structural concrete into forms, of 
which the face is composed of thin reinforced architectural concrete 
of the exposed aggregate type cast in a shop with well prepared 
materials, by highly skilled labor and under careful, intelligent, well 
informed supervision, and provides better concrete that can be made 
in the field. I expect it to resist weather better and to retain to a 
much greater degree its original appearance. I believe that such a 
finish precast in thin slabs and used as a face form is intimately attached 
to the structural concrete core. I am also convinced that such a finish 
need not be considered as a load, but may be regarded as an integral 
part of the structure. 

I base these beliefs upon about five years’ experience with this use 
of thin slabs for forms and upon a general craft and long personal 
experience with portland cement stuccos applied in multiple coats. 
It seems to me that the same principles for bonding one coat of stucco 
to another, which includes cleanliness and proper suction apply 
equally to the bonding of precast thin slabs to a structural core. I 
present all this and much more to the committee, and it is for the 
committee to examine all these theories and methods, to extract them 
from the realm of sensible impressions where I see them and to list 
them as scientific facts. 

The idea that we could make a modern plastic mosaic to replace the 
old mosaics of the tesserae type was founded upon the idea that the 
aggregate could be controlled, that it could be predisposed to a cast 
surface so that the color of the surface would be the color of the 
aggregate and the texture of the surface would be the texture of the 
aggregate. It included the notion that particles of aggregate exposed 
on the surface might be considered as spots of color in juxtaposition 
and subject to a predetermined pattern. 

Aggregate size and gradation 

We found no scientific information on the subject, no traditional 
technique and no one to consult. Most of the scientific men interested 
in concrete were solely interested in structural concrete. They worked 
very diligently and contributed much information on the nature of 
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portland cement and on the relations of cement and water. They 
showed a great desire to make stronger concrete but gave little atten- 
tion to the properties of aggregate and their effect on permanence, 
volume changes and the passage of water. Such work as had been 
done with aggregate was related to strength and not to appearance. 
It failed to attract me, I now suppose, because I already had in mind 
the idea of a mosaic and was anxious to preserve in our new material 
some of its well known characteristics. It seemed reasonable to do so 
in order that much of the knowledge acquired by craftsmen in the 
decoration of architectural surfaces with mosaics of the tesserae type 
might immediately be applied to the new plastic mosaic. 

We found, however, that M. Feret in France, had given considerable 
study to a type of gradation by which he separated aggregates into 
three sizes, fine medium and coarse, and recombined these sizes in 
varying proportions. A study of his work indicated that the most 
satisfactory results were obtained when he omitted all of the inter- 
mediate sizes and used only the fine and the coarse. 

It seemed that M. Feret had chosen his three sizes arbitrarily and 
had not given consideration to a relation which might exist between 
the mean diameters of the sizes. At this time I was a member of an 
advisory board of the United States Bureau of Standards in con- 
nection with some work which was being done under the direction 
of J. C. Pearson. We discussed this matter at length. He became 
interested and made an effort to determine whether by chance some 
relation of sizes of mean diameters might contribute to an optimum 
condition. The thing became quite a game with us, the object of 
which was to retain the full number of large stones in any volume and 
by adding fine materials of different sizes raise the density as high as 
possible. I have not seen Mr. Pearson’s memoranda for many years 
but if my memory serves me right he obtained a density equal to 92 
per cent by retaining a full volume of coarse stones and adding a 
partial volume of fine stones, the mean diameter of which was approxi- 
mately one tenth of the mean diameter of the coarse stones. This 
gave to the studio what was needed and started us on our way. Mr. 
Pearson has since been distracted by other duties and I have not 
followed M. Feret’s work. I regret the degree of separation, but | 
have noticed in the Nov.-Dec. issue of the JourNAL of the American 
Concrete Institute a quotation from M. Feret. He said, ‘‘As always, 
one rediscovers the laws of discontinuous mixtures (i. e., jump grad- 
ings) which I proposed some fifty years ago and which is still so greatly 
contested.” He still has after all those years, the same consciousness, 
which we have after only 20 years of experience, that the properties 
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of discontinuous mixtures are unique and that, all of other things 
being equal, they are to be preferred over other known types of grad- 
ation for aggregates. 

In the studio we find ourselves where the authority of master 
craftsmen is supreme. Here they can arbitrarily select materials 
and devise methods for their use. If the craftsmen’s methods are good 
his work endures, if they are bad it fails. Science has little part in 
his work unless scientific knowledge has by chance found a place in 
the general knowledge of the craftsman. When our craftsmen ap- 
proached the problem of extending a fairly well developed technique 
for making plastic mosaics to include the making of architectural 
concrete and wrapping it around a reinforced concrete structure, they 
enjoyed a freedom which a scientist can hardly understand or approve. 
But history teaches us that the judgment of craftsmen on materials 
and on methods for handling them have been eminently sound, their 
intuitions have been well founded and science subsequently retracing 
their paths have approved with notable regularity. 

So, in a mystery of craftsmanship, a few craftsmen have built the 
Edison Memorial Tower. Perhaps they have built better or it may 
be worse, than they knew. In any event the whole case will be sub- 
mitted to the committee of the Institute and the committee must 
determine what is right and what is wrong. It will prove each theory 
recorded by these craftsmen in their work. The above, suggested 
merely for your information, gives but a glimpse of the work before 
the committee. The committee will make all reasonable corrections 
in theory and in method supporting them if needs be with accelerated 
tests. It will compile all its findings and from these data write a speci- 
fication and a recommended practice for architectural concrete of the 
exposed aggregate type. Supplemental to these documents there will 
be compiled and published information on the subject designed to 
help owners, architects, engineers, builders and the makers of archi- 
tectural concrete in their work. The committee courageously under- 
takes the work and the Board of Direction expectantly looks forward 
to its accomplishment, hoping that it will illustrate the wisdom of 
extending the work of technical committess to all interested groups. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by July 20, 1938. For such 
discussion as may develop readers are referred to a supplement to be 
issued with the next issue of the JourNaL. The supplement will 
close the current Proceedings Vol. 34 and will include besides 
discussion, Title Page, Contents and Indexes, plus Membership 
Directory and “year book’? information about A. C. I. Please 
note that the next JOURNAL will begin a new schedule of six 
Journals a year—September, November, 1938, January, 
February, April and June 1939. 
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Should the Type of Indeterminate Problem Determine 
Its Method of Solution ?* 


By G. A. MANEYT 


MEMBER AMERICAN CONCRETE INSTITUTE 


THE author would answer this question in the affirmative. In this 
paper he hopes by simple illustrations to bring out the logie of such 
an answer. 

Because the analysis of rigid frames is comparatively new in ordinary 
office practice, there is a tendency for designers who have thoroughly 
mastered one method to apply it for the solution of all types of prob- 
lems, even though there may be a shorter and better method in 
particular instances. 

Certain types of frame problems present special aspects which may 
make them susceptible to more ready solution by a particular method, 
and therefore familiarity with a number of methods would be an 
advantage to the designer. 

It is particularly important to reduce the time required for the 
solution of the common case of a rigid building frame under vertical 
loads. New design codes which are largely governed by the latest 
A. C. I. regulations call for a heavy increase in the amount of analytical 
work required of the structural engineer. In this situation the most 
efficient, accurate method of analysis, based on man-hours required, 
is certainly an economic desirability. 

MODERN METHODS OF ANALYSIS FOR RIGID FRAME PROBLEMS 

The modern methods of analysis had their beginnings about 20 

years ago when the slope deflection method was first popularized by 


*Presented at 34th Annual Convention American Concrete Institute, Chicago, Feb. 22-24, 1938, 
tProfessor of Structural Engineering, Northwestern University, Evanston, III. 
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work done in the Engineering Experiment Station at the University 
of Illinois. These methods have achieved great popularity in this 
country during the last 10 or 15 years because of their fundamental 
simplicity. 

The great simplification in the modern methods of analyses was 
brought about by the introduction in the analytic procedure of certain 
known factors of a loaded beam which are called fixed beam end 
moments. Since the fixed beam end moments are functions only of 
the loading and the dimensions of the member, they can be readily 
computed for all types of members and tabulated for ready reference. 
Tables of fixed beam end moments covering many types of loading 
and members are to be found in various works on structural mechanics. 

The application of the modern procedures begins with the selection 
of the fixed beam end moments for the desired loading, assuming the 
joints fixed or locked against rotation. Certain corrections are then 
made on the basis of angular rotations of the joints. The final moment 
at the end of any member thus becomes the sum of the fixed beam 
end moment and the corrections. The older methods of analysis, 
such as the methods of least work, or the methods of virtual work, 
or the general application of the principle of consistent distortion, 
assume no known quantities at the start. Because of this, the mathe- 
matical solutions involved were always quite complicated. 

The difference between the various modern methods lies in the 
manner of applying the corrections for the angular rotation of the 
joints already mentioned. For example, the slope deflection method 
expresses the corrections as functions of angular joint rotations, whereas 
the moment distribution method expresses this correction in terms 
of fixed beam end moment summations. 

Since all of the popular modern methods have in common the 
concept of fixed beam end moment, they could be included under the 
general name, “‘Method of Fixed Beam End Moments.” 


THE CASE OF A MULTIPLE JOINT RIGID BUILDING FRAME UNDER VERTICAL 
OR GRAVITY LOADS 


As a first example to show the adaptability of different methods 
there is selected the fairly common case of the ordinary building 
frame which is particularly suited to the so-called modern methods 
of analysis. The problem and the preferred solution (Solution No. 1) 
is shown in Sheet 1. This solution is designated as the ‘“Fixed-End- 
Moment” method, in which use is made of a tabulation of the com- 
plete numerical procedure in a manner designed to simplify the analysis 
of the frame and the calculations incident to its solution. 
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Since this method is new, some preliminary explanation is necessary 
before proceeding with the solution of the problem. 

For comparison, this same problem is solved by the “‘Slope Deflec- 
tion’? method in Solution 2, Sheet 2. 

Both loading and structure as shown in Fig. 1 and 2, are symmet- 
rical about a vertical center line of the frame, and all the outside ends 
of beam spans are considered without restraint (pin-ended). A fixed 
end condition at ‘‘A,” is also provided for. The frame, therefore, is 
one with four partially restrained joints, A, B, C and D. 

Because of the fundamental similarity of the methods, the de- 
scription of Solutions 1 and 2 will be carried along together. 

The fundamental equation for Solution 1 is the following: 

Map = + M¥ ap — CpatAM" pg — 2Capr AM", Rouati 
or Mpa = + M" pa — Capt AM", — 2C pst AM" sz} scent dn 

The first equation expresses in algebraic terms the thought that 
the final moment at one end of a prismatic member A-B is equal to 
the fixed beam end moment (M¥ 4,2) at A, plus a correction (C2424M*" 3) 
due to the rotation of the joint at B, plus a correction (2C4,2AM*",) 
due to the rotation of the joint at A. The second equation similarly 
expresses the moment at the opposite end. These equations are very 
similar to Equations 2, which are the well-known fundamental 
equations for the slope deflection method. 

Map = + M*¥ ap — KapOp — 2K 4704) . ie 
Be me a Me, ~ Kids = Se > Equation 2 

Equation 2 expresses the fact that the moment at the end A in the 
prismatic member A-B is the fixed beam end moment at A plus a 
correction which is the stiffness factor of the member A-B (Kx, ,) 
times an angular change function at the end B,(@g), plus a correction 
equal to the same stiffness factor times twice the angular change func- 
tion of the joint A,(O,4). 

Equation 1 and 2 are identical except in the detail of manipulation 
by which the values of the two corrections to the fixed beam end 
moments are obtained. Let the term Cuz be defined as the ratio of 
the stiffness factor for the member A-B at A,(K,4p), to twice the 
summation of the stiffness factors for all members adjacent to the 
joint A, (22K,4); that is 


’ Kap 
Cas = cae 
22K 4 
Then, since Equations 1 and 2 are identical, it follows that: 
—C sBLAM* = - K 4,0 { 


Inserting the value of C4» in this equation we have Equation 3. 
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So.tuTion 2—By THe Exact Stope-DEFLECTION METHOD FOR PROBLEM OF 
SHEET | 


1—Writing slope-deflection equations for moments at member ends framing into 
all partially restrained joints (“‘B” for example). 


‘ ( ’ ; r relative ‘“‘h3 ”? 
When farend | |Ma = +M’m — Km (20s) hoe sg —— att 
ispinned as 'b »{ Mac, ‘a ,_, — Kac, (20n + Oc) ji, pinned as in “Bh” and 
M* np = 1.5 X (Mas! = *M*se' — Kas’ (2p) ‘by 4 when far end is 
Standard MF pp } Mpa = —_ K BA (20z a Oa } =e 7 : ary? z 


Jsymmetrical as in “BB 


Note—See Sheet I for calculation of ““M?” and “K”’ values. 
2—Writing joint equations for each partially restrained joint gives as many 


simultaneous equations as partially restrained joints (4 here) since >Mz = 0. The 
equation for joint “‘B’’ becomes: 


2(Ke» + Kec + Kes’ + Kea) On + Kec Oc + Kea O04 = =M?¥ + M¥ pp’ or 
20n>Kz + DKexOx = +=DM¥ z ...(Equation a) where 
~Kz = a summation of K values of members around joint B 
~KexOx = a summation of preducts of partially restrained angular rotation 
functions (Ox), at far ends of members around joint B,—multiplied 
by “K” factor of member 


=M?¥z = an algebraic summation of fixed-beam moments around B. 


Dividing Equation a through by (2=K,x) we get a general joint B equation 


ts) DK pxOx +=M" x E ion | 
——— = ——. 7. wquation Db 
B 22K p 22Kz 


Substituting numerical values from Sheet I, Equation b becomes: 
Og + .15704 + .0496c = +75.6 + 2(10.15) = +3.74 


Writing joint equations for all! joints (A, B, C and D) which are partially restrained: 
in tabular form: 


TABLE 2A—SOLUTION OF JOINT EQUATIONS 


Equation| Unknowns to Be Solved for Right Hand | Corrections by | Final 
for Pet pn fs Member of Alternate (3) 

Op Oc Op O04 Equation Convergence Values 

Joint D L .140 +2.19 + 83 + O07 +3.09 

Joint C 0.063 2. 063 —5.96 1S - Ol 6.45 

Joint B .049 | 1. 157 +3.74 + 94 +.12 | +4.80 

Joint A .138 | 1. 1.13 65 02 4.80 





eae 








SHEET 2 





Analyses of Rigid Frames 611 














3—Solving joint equations of Table 2a by alternate convergence in the form 
above written the equation for joint “C”’ is .0630p + @c + .0630, = —5.96, where 
—5.96 = 2M?c + 22Kc = value of Gc when joints D and B are fixed against rota- 
tion (Qn = Os = 0). Therefore the right hand member of above equations are 
Ist approximations of desired 6 values. Ist approximations of 64 & Oc are used 
to get Ist corrections of Og & Op as follows: .049 (—5.96) — .157(—4.13) = 
+.94 and —.140 (—5.96) = +.83, then these corrections are added to 1st approxi- 
mations of Og & Op to get Ist corrections for 04 & Oc. Thus: —.063(+2.19 + .83) 
— .063(+3.74 + .94) = —.48 and —.138(+3.74 + .94) = —.65. Similarly, 
Ist corrections, —.48 & .—65 are used to get 2nd corrections, +.07 & +.12, while 
these in turn are used to get 2nd corrections, —.02 & —.01. Further accuracy is 
wasted for 6 values to 2 decimal points. A 3rd correction series would give accuracy 
to the 3rd decimal point. As shown above 6¢ = —5.96 — .48 — .01 = —6.45. 


4—Substituting 6 values of Table 2a in original moment equation as shown at 
top of sheet we get: 


oh . 
PABLE 2b—FINAL MOMENT CALCULATIONS 


Joint D 


Mp 15.1 1.6 (+6.18 : 55.1 
M pp’ +60.5 - .92 (+6.18 = +-54.8 
M pe — 1.0/+6.18 — 6.45) = + 03 


Joint C 


Me —135.9 — 3.79(—12.9 = —87.0 
Mep oe 1.0 — 12.9 + 3.09 t 9.8 
Me 10.3 2.18(- 12.9 . +68.5 
Mcp = 7.0 12.9 + 4.8 + 8.1 
=M = (0 at Each Joint for ¢ ‘heck ; 


Joint B 


M pp — 45.1 — 3.79(+9.6 = — §1.5 
M - 1.0(+9.6 — 6.45 Ws 3.1 
; Mpp’ = + 121.0 - 2.18 +-9.6 * a 100. 
Mpa = 3.18(+9.6 — 48 : 15.3 
Joint A 
M aa 35.9 — 3.09( —9.6 = ~99.5 
Map Be ces 3.18(—9.6 + 4.8 "te +15.3 
Maa’ = * 10.3 ~ 2.18(—9.6 =" +61.2 
M aAo a a 2.37( —9.6 422.8 








| 
| 
| 
| 
| 
| 
| 


a a a la A A A 
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sy F Ka B r y F ‘ wl . . ‘ 
— DAM A OsK. = —Ky, pO4 or SAM A= 20,>K a... Equation 3 


From this it is seen that there exists a constant relation (22K4) between 
the corrected unbalanced joint moment ([AM¥*",4) and the function 
0.4 of the angular rotation of this joint. 

The determination of the fixed end moments (M*%), the relative 
stiffness factor (AK), and the stiffness ratios for the several joints (C) 
necessary to both Solutions 1 and 2, is made and explained on the 
right half of Sheet 1. Their use in the slope deflection method is 
explained in Sheet 2. 

The first term of each expression (+ M’",3z) is the fixed end moment 
at the end A of the member A-B, which is the starting point for 
moment corrections which result when one or both end joints are 
only partially restrained and allowed to rotate to a condition where 
static equilibrium of all moments acting on either end joint is obtained, 
(2M = O). Considering the member DC, it is the first quantity in 
the calculations for M pc of Table 2b. In this case, 0, since the member 
is not loaded transversely. Likewise, it is the quantity (0) in line 4, 
column DC, of the tabulation for joint D in Table 1. 

The second term of each expression is a moment correction which 
is proportional to the rotation of the far end, B, of any member A-B. 
Considering such a member as DC, it is th last correction term in the 
calculations for Mpc of Table 2b, (— 1.0) (—6.45), and in Table 1 it 
is composed of two converging parts, (6.4 and 0.1), column DC, lines 
5 and 6 of Joint D. 

The third and last term of expressions (1) and (2) is a moment 
correction which is proportional to the rotation of the joint A of any 
member AB at which the final moment is desired. Again considering 
the member DC, it is the first correction following the fixed beam 
moment in Table 2b, (—1) (+6.18), and is the quantity (—6.1) 
given in line 7 of Table 1 for joint D. 

The quantities in lines 4 to 7, inclusive, are added algebraically 
to obtain the final corrected end moment of line 8. When all the final 
moments around a joint, such as —81.6, —15.4, —31.1 and +100.1 
around the joint B (see Fig. 3, Sheet 1 and line 8 of the Table for 
joint B in Table 1, Sheet 1), add up to zero as these do, we have our 
check against numerical errors. 

SOLUTION BY METHOD OF “FIXED END MOMENTS” 


An examination of Equation 1 indicates that with ‘“M*” and ‘‘C” 
values known and tabulated, the solution consists only in finding the 
corrected unbalanced joint moments, 24M”. 





ge 








—— ee 
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The original unbalanced joint moment is merely an algebraic sum- 
mation of all the M” values acting on a joint at the ends of members 
framing into this joint. The corrections to this original unbalanced 
moment are due to the rotation of partially restrained adjacent joints 
at the far ends of members framing into this joint. 


This method is one that depends on a series of converging approxi- 
mations which is expedited by the use of alternate sets of joints. 


To take advantage of the rapidity of alternate convergence, the 
joints of any rigid frame with two or more partially restrained joints 
are split into two groups, alternately located. 


The simple case of Fig. 9, Solution 9, Sheet 4, will first be discussed 
to illustrate the procedure: 


(1) The joint “A” is allowed to rotate under the effect of original 
unbalance (—116.7'!*) at that joint due to M” values, and joint “B” 
is assumed to be rigid. In this case, if the joint “B” is not allowed 
to rotate, its original M” unbalance is changed by a first correction, 
Cap (AM¥" 41) or —116.7(—.133) = +15.5.1* 


(2) The joint ‘B” is next allowed to rotate under its original 
unbalance of (+50.0'* — 33.3'!*) corrected by the unbalance due 
to +15.5'* from joint A, which gives a net unbalance of +32.2'*. 
This, in turn, transmits a first correction to the original unbalance 
at “‘A”’ equal to Cg4(A M"3;) or +32.2 (—.133) = —4.3'*. 


Note: We could get a further small correction to the unbalance 
at joint B by calculating a second correction, C4z(AM*":) equal to 
—4.3(—.133) or +0.57, and when this second unbalance at joint 
“B” is transmitted back to joint “A,” it becomes less than .1. Both 
of these second corrections may be ignored. It will also be noted that 
only the moment at both ends of AB are affected by unbalanced 
moments at far ends. 


(3) Next the corrected unbalanced moments are distributed 
between the ends of members framing into joints “A” and “B,” in 
proportion to the ‘‘2C” values around this joint. (See the last term 
of Equation 1). Thus, values of +24.2'*, +64.6'* and +32.2'* 
are obtained for correction of the original M*” values around joint 
“A,” which are caused by the rotation of joint “A,” and must, of 
course, total up to —(—121.0'*) which latter is the corrected, unbal- 
anced moment (2[AM*,) for the joint A. Similarly, values —8.6'%, 
—17.2'* and —6.4'* are obtained as corrections to the original M” 
values around joint B and must equal —(+32.2'*) which is the cor- 
rected unbalanced moments for joint B. 
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(4) When the original M’ values in line (2) are added to the 
corrections in line (3) due to far end rotation and corrections in line 
(4) due to rotation of joint at which moments act, the result is the 
final moment of line (5). When the three final moments acting on 
both joints, ‘‘A’’ and “B,” add up to zero, as they do here, a check 
on numerical accuracy is obtained. 

In discussing the tabular solution of Table 1, Sheet 1, which pro- 
ceeds the same as that of Table 9, Sheet 4, no mention need be made of 
any quantities except those in lines 5 and 6 of the several joint tables. 
The origin and meaning of all other tabular quantities is identical 
with those of Table 9. Lines 5 and 6 of Table 1 furnish two corrections 
for each moment due to joint rotation at the far end, whereas line 3 
of Table 9 stops at only one correction. Even here the procedure is 
a duplicate of that for Table 9: 

(1) Alternate joints ““B’’ and “‘D” are first allowed to rotate while 
joints “A” and “C” are fixed against rotation. We therefore transfer 
from joints “B” and “D” to joints “A” and “C” the following set 
of first corrections to the original M* at these latter joints: 


from joint B to joint C = —.049(+75.9) = —3.7'* 
from joint B to joint A = —.157(+75.9) = —11.9'* 
from joint D to joint C = —.140(4+15.4) = —2.2'* 
(2) Now the unbalance at joints “A” and “C” are changed to 


—106.9'* and —100.9,!* respectively, by adding the first corrections 
found above to the original M*” value for these joints. Next, the 
first corrections to the original M” values for joints “B” and “D” 
are transferred from joints ‘‘A”’ and ‘‘C”’ as follows: 

from joint ‘‘A”’ to joint ““B’? = —.138(—106.9) +14.7'* 

from joint “C” to joint “B”’ — .063(—100.9) = +6.4'* 

from joint “C” to joint “D” = —.063(— 100.9) +6.41* 

(3) Next the operation (1) is repeated, using only the corrected 
unbalances found in (2) for joints ““B”’ and “D,” since the unbalance 
due to the original M’ quantities have already been transferred. 
By this operation the following second corrections to the original 
unbalances at “A” and “C”’ are determined as follows: 


I 


II 


from joint ‘B” to joint “C” = —.049(+14.7 + 6.4) = —1.0'* 
from joint “B’’ to joint “A” = —.157(+14.7 + 6.4) = —3.3'* 
from joint “D” to joint “C’”? = —.140(+6.4) = —0.9'* 


(4) Next these last-found second corrections to the unbalance at 
joints “A” and “C” are transferred back to joints “B” and ‘“D” 
again as second corrections to the unbalances at these joints: 

from joint A” to joint “B”’ = —.138(—3.3) = +0.5'* 
from joint “C” to joint “B’” = —.063(—1.0 — 0.9) = +0.1'* 
from joint “C” to joint “D” = —.063(—1.0 — 0.9) = +0.1'* 
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Any further transfer of unbalanced moments will produce corrections 
too small to affect practical results. The total corrected unbalances 
(SAM*”) now available can, as in Table 9, be distributed around the 
joints in proportion to the ‘‘2C”’ values of members framing into the 
joint. 

The rapid reduction in the size of these corrections to the original 
unbalances (2[M*) values) by the use of transference of corrections 
between alternate joints increases the efficiency of the method. 

This tabular solution by the method of Fixed-End-Moments as 
completely given in Table 1 has the following characteristics: 

1. Beyond the simple calculation of the well known “‘M*”” and “C” 
constants, no formula or algebraic manipulation of any kind is required. 

2. Every numerical operation of any description required to make 
the transition from M* to final M values is shown in this tabular form. 
The calculations thereby become quite systematic and easy to check. 

3. When the tabular form is laid out with the first four lines involv- 
ing only location, and M” and C constant filled in, and when the 
individual joints tables have the same relative location in the com- 
pleted table as in the structure so that only adjacent joint tables are 
affected, the procedure for completion of solution is purely routine 
and may be done by any computer very rapidly. 

THE CASE OF A SINGLE SPAN FRAME 

Sheet 3, Fig. 4 shows a fairly common problem of a single span 
bridge bent with vertical members of different length, and the simple 
case of center loading only on the horizontal member. Because of 
the difference in the length of the vertical members—in this example 
the length of one leg is twice the other—a large amount of side sway 
is involved, and it is very far from correct to assume that the joints 
A and B do not translate horizontally. Because of this side sway, 
the application of Slope Deflection or Moment Distribution becomes 
more complicated. The method of Fixed Beam Moments, just de- 
scribed, is used for Solution 3 of this problem as given at the top of 
Sheet 3. For Case I (Table 3) it is assumed that joints A and B do 
not translate horizontally. In Case II the required side sway is con- 
sidered and the results are to be superimposed on the results of Case I. 
This side sway correction is, of course, based on the fact that the 
moment at A is equal to the moment at B, multiplied by the ratio 
of the length Aa to Bb, since the horizontal thrusts in each leg must 
be the same. The combination of moments due to loading and side 
sway is shown in the last line of Solution 3 in Table 3. 

As an extreme of this solution, we have the case of Solution 5. 
This merely assumes that the bottoms of the vertical members are 
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free to travel outward, and a single force, H, is solved. for, which, 
when applied at the bottom of both columns, is sufficient to bring 
these columns back to their starting point. (See Fig. 7). 

The numerator of the fraction represents the total spread which has 
to be overcome. The denominator represents the reduction in spread 
due to the application of a 1-lb. horizontal load at each column bottom. 

The deflections in both the numerator and denominator are merely 
the expression of the application of the moment area method. 

All of the numerical work involved in this solution is thus included 
in the solution of the single expression for H. 

Solution 4 shows the application of the moment area method, which 
is about midway between Solutions 3 and 5 in numerical complication. 

For the general problem of the single span rigid frame bridge shown 
in Fig. 8, the simple method commonly used for the two-hinged arch 
is advocated. Such a method automatically takes care of lack of 
symmetry and camber with a minimum amount of numerical difficulty. 
This two-hinged arch method is preferred over all modern methods 
for this very common, rigid frame bridge problem. 

METHODS FOR A FRAME WITH A SMALL NUMBER OF PARTIALLY 

RESTRAINED JOINTS 

The problem of Sheet 4 is a typical case of a rigid frame which 
involves a comparatively small number of partially restrained joints. 
In the case of a problem of this kind, the exact procedure of the Slope 
Deflection method, as indicated in Solution 7, seems satisfactory. 
Although there are eight unknown bending moments in this case, 
there are only two unknown angular joint rotations. It becomes 
necessary to write for only the joints A and B the statement that the 
moments acting on these joints must sum up to zero. Substituting 
in the original Slope Deflection equation for moment, an independent 
check on the numerical work is offered when all the moments acting 
around joints A and B sum up to zero. 

Solution 6 by the Moment Area Method, which is a pre-modern 
method, shows a tremendous difference in the amount of numerical 
work involved for the solution of this problem, as compared with the 
amount of numerical work involved in Solutions 7, 8 and 9. It will 
be noted that Solution 6 has proceeded only far enough to set up 
eight simultaneous equations, and that the bulk of the numerical 
work remains yet to be done, whereas in the case of all the other 
solutions, all necessary numerical work is carried out. 

For problems of one story frames of this type, the need for a converg- 
ing approximate solution does not seem to be evident. The exact 
solution of two or three simultaneous equations is not at all difficult, 
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and it is felt that the greatest use for the method shown in Solutions 
8 and 9 is found in the solution of multiple-joint, rigid frame problems 
of the type analyzed in Sheet 1. 


CONCLUDING REMARKS 


The choice of a method for the solution of a given problem in 
rigid frame analysis has not been difficult for the structural engineer. 
The method of analysis with which he is most familiar is the one he 
has used. Until recently the rigid frame problem has not been common 
enough in engineering practice to make the element of time required 
for the solution an important matter. The old codes which specified 
moment coefficients are being replaced by modern codes modelled 
after the late A. C. I. code. The new codes permit and encourage 
accurate analyses of rigid frameworks. Certain types of building 
frames under vertical or gravity loads are rapidly becoming very 
common, every-day problems for the structural engineer. For such 
problems it becomes a matter of economic important to develop 
direct and efficient methods which result in minimum man-hours of 
effort. Converging approximate solutions for redundant unknowns 
have been used for many years as an expediting detail of rigid frame 
analysis. The use of orderly tabular forms and the rapid convergence 
resulting from the division of unknowns into alternate groups are 
believed to be further aids in expediting the solution of this common 
problem. 


A minimum amount of numerical computation must be combined 
with an easily visualized fundamental approach before the structural 
engineering profession will feel encouraged to take full advantage 
of the possibilities of the new structural codes. More efficient methods 
of analysis will foster more carefully designed structures. 

NOTATIONS 

M final bending moment at end of any member of a rigid frame. With the 
subscript AB, it would indicate the final moment at the end A of the 
member AB. 

Mt the original fixed beam moment at either end of any member of a rigid 
frame. This isa standard quantity which is obtained for standard moment 
coefficients and is the moment acting on the joint into which the member 
frames before that joint is allowed to rotate into a condition of equilibrium. 

AM = increment of the unbalanced moment acting at a joint which is caused 
by the rotation of joints at the far ends of these members. 

AM’ = original unbalanced moment acting on the joint which is equal to the 
algebraic sum of the fixed beam moments at this joint. 


(AM) = the total corrected unbalanced moment which is proportional to the 
angular rotation of the joint. 
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K = relative stiffness factor of member, and is proportional to the quantity 
F(bd*) ; - am 
———.. In this expression, F is a factor based on end conditions, b and d 
4 
are beam dimensions, and L is center-to-center span of member. 
PF = an end coefficient for a member which is unity, when both ends are either 


fixed or partially restrained. It equals three-quarters when one end is 
pinned, and it equals one-half when both ends are rotating equally in 
opposite directions or are symmetrical. 

C = relative stiffness factor for the joint. Each member framing into a given 
joint has a certain C value, and the sum of all these C values must equal 
one-half about one joint. By definition, Cas, which is the stiffness 

: gh: ; Kap 
factor for the member AB as effecting the joint A, is equal to5 SK, 
Kz is, of course, the relative stiffness factor for the member AB, and 
~K« is equal to the summation of all K values for members framing into 
the joint A. 

8 = a moment function which is proportional to the rotation of the joint. 
84 would be proportion to the rotation of the joint A. 

Note with regard to Moment Sign Conventions and Moment Superscripts: The 
sign of the moment with reference to the solution for the original end moments is 
determined entirely on the basis of the tendency of a moment at the end of a member 
to rotate a joint into which it frames. If such a moment tends to rotate a joint in a 
clockwise direction, it is called a positive, and if it tends to rotate the joint in a 
counter-clockwise direction, it is called negative. In plotting the moment diagrams 
for the members after the final end moments are found, an entirely different con- 
vention is used. In thes case the moments are plotted on the side of the axis on 
which they cause tensile stresses. A moment with the superscript as in (M/*) means 
that that moment is calculated in foot-kip units, which is defined as thousand foot- 
pound units. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by July 20, 1938. For such 
discussion as may develop readers are referred to a supplement to be 
issued with the next issue of the JourNAL. The supplement will 
close the current Proceedings Vol. 34 and will include besides 
discussion, Title Page, Contents and Indexes, plus Membership 
Directory and ‘‘year book’ information about A. C. I. Please 
note that the next JOURNAL will begin a new schedule of six 
Journals a year—September, November, 1938, January, 
February, April and June 1939. 
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Discussion of a paper by G. A. Maney: 


Should the Type of Indeterminate Problem Determine Its 
Method of Solution?* 


D. H. PLETTAT 


The regulations of the new A.C.I. Building Code, calling for a more 
thorough analysis of structural framework and, incidentally, for more 
of the designer’s time, will, as the author suggests, necessitate the use 
of short solutions in the interest of economy. While the writer agrees 
with the author in his contention that for any one particular problem, 
one method of analysis is apt to be most efficient, he disagrees with the 
practical application of this idea. Such procedure would require a 
designer to be equally proficient in all methods of indeterminate 
stress analysis. Since the whole problem is to reduce man hours, it 
seems reasonable to let the individual designer follow the method 
which will yield results with a minimum of his time. If he 
is analyzing indeterminate structures frequently, he can soon become 
familiar with the various methods and their many short cuts; if he is 
not, these abbreviated analyses, in excess of one or two, may actually 
be a burden. Obviously, he might spend more time employing an 
unfamiliar but short analysis than a more complicated but familiar 
method. He must make his own decision about that. Furthermore, 
he may be required to use only one method. The writer knows of 
several offices where all designers and checkers use but one method 
to reduce the overall time. Such procedure may be somewhat short- 
sighted but, for the present at least, it is quite realistic. 

Where a designer uses but one or two methods to the exclusion of 
all others, either through his own choice or by virtue of the require- 


*JouRNAL Amer. Concrete Inst., May-June 1938; Proceedings Vol. 34, p. 605. 
tAsst. Prof. of Applied Mechanics, Virginia Polytechnic Institute. 
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ments of his office, various short cuts soon become evident, and fre- 
quently he finds it possible to incorporate suggested abbreviations of 
other methods into his own. The writer wishes to illustrate how the 
“fixed end moment” solution, as presented in this paper, may be 
easily adapted to moment distribution. In this application only two 
minor changes are necessary; i.e., (1) write only the moments carried 
over each time, balancing the sum of these together with the original 
fixed end moments at the end of the solution, and (2) balance moments 
at alternate joints rather than at all joints simultaneously. The 
first modification has already been proposed for moment distribu- 
tion ('); the second is due to Professor Maney. Solution 3 of the original 
paper has been reworked by 3a) moment distribution, 3b) moment 
distribution incorporating the short cut (1) only, and 3c) moment 
distribution embodying short cuts (1) and (2), but omitting the side- 
sway correction. Time saved in the original solution would, of course, 
apply equally to this correction. It should be noted that 3c is iden- 
tical with Professor Maney’s solution, that it converges most rapidly 
and that the two differ only in the form of bookkeeping. Similarly, the 
symmetrical building frame of solution (1) may be analyzed by this 
modified moment distribution if the ‘‘F’’ factors of ! 
in the end stiffness for the interior beams. These 


are incorporated 
F” factors have 
also been mentioned in Professor Cross’ book under another name.(?) 

One of the reasons for the popularity of methods like moment dis- 
tribution or “fixed end moments” lies in the fact that the convergence 
may be terminated at any time, and the effect of the unbalancing 
moment on individual members (especially in frames not subject to 
sidesway) noted. The dimensions of these members may be altered 
if necessary and the changes incorporated immediately, thus effecting 
a saving of time. With all of the older methods, the solution had to 
be carried to a conclusion before such changes could be made. 

Those who are familiar with moment distribution, who prefer its 
system of bookkeeping and who are frequently called upon to analyze 
indeterminate structures, might well consider both of the short euts 
proposed by Professors Cross and Maney. The writer feels that 
Professor Maney’s paper offers a very significant contribution to the 
field of structural analysis. 


9 
- 
‘< 


MICHAEL N. SALGO* 


Professor Maney mentions the similarity in the modern methods of 
analysis. Not only do all of these modern methods start out with the 


Continuous Frames in Reinforced Concrete,’ by Hardy Cross, John Wiley and Sons, 1932, p. 238 
2Op. cit. p. 119 


*1732 No. Shore Ave., Chicago. Formerly research fellow at Virginia Polytechnic Institute 
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same fixed beam moments, but they have the same fundamental cor- 
rections from the near and far ends of the members. Although these 
corrections may be expressed as functions of angular joint rotations 
and in terms of fixed beam end moment summations, they still are 
the same. The following tables taken from Solutions 7, 8 and 9 of 
Sheet 4 illustrate this point very clearly and show these corrections to 
be the same. Since all of these methods are so similar, it would prob- 
ably be advisable to include them all under the general name suggested, 
“Methods of Fixed Beam End Moments.” 


TABLE A—SOLUTION 7-—SLOPE DEFLECTION 





Location | AA! AB Aa BA Bb BB’ 
(Far end) | 
—Kas OB j 0 —~4.4 0 16.1 0 0 
(Near End) 
—Kas (20a) | 24.2 32.3 64.6 8.8 17.6 6.6 


(Far End) 


> Carry overs ‘aL, . —4.2 0 —15.8 0 0 
(Near End) 
z Distributions 24.1 32.2 64.6 8.5 17.1 6.7 f 


TABLE C—-SOLUTION 9—FIXED END MOMENTS 


(Far End) 
—ZCAM 0 4.3 0 15.5 0 0 


(Near End) 


—2C ZAM 64.6 8.6 17.2 6.4 
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AUTHOR’S CLOSURE 
In Professor Pletta’s paper attention has been called to the tendeney 
of certain structural design offices to require the use of one specific 


method of solution for all the problems that come into that office. 
Evidently the questionable possibility of an overall saving in time is 





a justification for this practice. I know of a very large design office 

in Chicago where this practice had developed. 
Then later, in connection with one of the very important and com- 

plicated problems in frame analysis, a consulting engineer was called 

in. He used a method most suited to this particular problem which 

happened to be a general application of the Method of Least Work, 

and incidentally discovered serious mistakes in the application of the ; 

regular office method. These mistakes were made largely because of 

the unsuitability of this regular office method to the specifie problem. 

The various solutions of the simple problem discussed on Sheet 3 of 
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this paper in Solutions 3, 4 and 5 give an excellent example of the kind 
of trouble that might be induced by the use of any of the so-called 
modern methods in preference to the classic methods of Moment 
Area or Work. Solution 3, by the use of the Modern Fixed Beam 
Moment Method which is quite similar to Moment Distribution, is a 
very tricky one, and that of Solutions 4 and 5 by the classie methods 
are very much more direct and less susceptible to difficulties in so- 
lution. 

It seems to me very unfortunate that any designing office should 
attempt to narrow down the scope of structural engineering practice 
to the extent of requiring only one method to be used for the solution 
of all problems. Most engineers would consider this a very dangerous 
and a very non-professional attitude which is far from being justified 
by any possible saving in time. It is almost as absurd as the idea 
of requiring a surgeon to use the same kind of instruments in entirely 
different types of operations, and on the face of it, is a practice 
which should be heartily discouraged by all structural engineers. 

Mr. Salgo calls attention to the so-called identity between a num- 
ber of modern methods. These methods, among which the Slope 
Deflection Method was the pioneer in this country, all assume the 
fixed beam moment as the starting point. In the common case of a 
vertically loaded frame, we have only the corrections due to the 
rotations of member ends to superimpose on top of these fixed beam 
moments. These corrections are always two in number: (1) due to the 
rotation at the end at which the moment sought after exists, and 
(2) due to the far end rotation. These so-called modern methods 
differ only in the algebraic detail by which these corrections are 
arrived at, and it would seem that the method described as the method 
of Fixed Beam Moments in this paper has reduced the difficulty of 
making these end corrections to a minimum 

The author has found that the practice of making these corrections 
in tabular form as indicated in this paper, rather than writing them 
on the line drawing of the frame, is a simpler and more efficient pro- 
cedure. If the joints are always located, as they should be, in the 
same relative position in the Table as they are in the structure, then 
the carry-over process all becomes very rapid and efficient. 

Much gratifying progress has been made during the last five years 
in simplifying the application of the modern methods of analysis. It 
would be unfortunate indeed if there developed along with this a 
tendency to ignore the old-fashioned and more fundamental methods 
of approach which afford ideal solutions for so many of our special 
problems 
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I INTRODUCTION 


1. Object and scope of investigation 

The general acceptance of a structural type is usually based on the 
results of analyses, tests and experience. A few rigid-frame bridges 
have been in use for several years but the number of bridges of this 
type has increased very rapidly during the last few years. Because 
of the sudden increase in its use there are a large number of bridges of 
this type now being built, and the engineer does not have any consider- 
able background of experience on which to base the design. Instead 
reliance is placed almost entirely on analysis. This being true, tests 
of full-sized structures seemed especially desirable. This paper is 
the report of tests made to meet this evident need. 

The rigid frame bridge can be analyzed algebraically in the sense 
that the reaction components at the bases of the vertical legs can be 
determined on the basis of an assumed relation between stress and 
strain. But neither the resistance of concrete at a reentrant angle, 
nor the intensity of the stress at such angles due to given external 
forces is known. When an unsymmetrical load is applied to a rigid 
frame, the latter, if free, will sway, and the reaction components at 
the bases and the stresses in the structure due to a load on the deck, 
depend on the resistance against sway that is provided by outside 
forces. In view of these considerations, not only were tests made to 
determine the action of the structure when subjected to various 
loads and abutment displacements in order to compare the observed 
action with the action anticipated from a study of the elastic properties 
of the structure, but observations were also made to determine the 
"*Presented at the 34th Annual Convention, American Concrete Institute, Chicago, Feb. 22-24, 1938, 

tResearch Professor of Structural Engineering, University of Illinois 

{Special Research Associate in Theoretical and Applied Mechanics, University of Illinois, 
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magnitude of the sway when the structure was free and to determine 
the force necessary to prevent sway when the structure was restrained. 
The specimen was finally loaded to destruction in order to determine 
the manner of failure and to compare the unit stress developed by 
the concrete in the structure with that developed by the same concrete 
in 6-in. x 12-in. concrete cylinders. 

2. Acknowledgments 

The tests described in this paper are a part of the investigation 
resulting from a cooperative agreement between the Engineering 
Experiment Station of the University of Illinois, of which Dean M. L. 
Enger is the Director, and the Portland Cement Association, of which 
Frank T. Sheets is President. The authors were assisted in planning 
the tests by A. J. Boase, Manager of the Structural and Technical 
Bureau of the Portland Cement Association. The tests were made 
in the Arthur Newell Talbot Laboratory of the University and the 
direct expenses of the investigation were paid from funds provided 
by the Portland Cement Association. 

This paper is an abstract of a forthcoming bulletin of the University 
of Illinois Engineering Experiment Station. 

II. DESCRIPTION OF TESTS 
Description of specimen 

The first specimen tested, (Fig. 1) was designed as a highway bridge 
1.5 ft. wide with a span of 48 ft. center to center of the bases of the 
vertical legs and a height of 16 ft. from base to top of deck. The pro- 
portions of the structure are similar to those for rigid frame bridges 
used in current practice for carrying one highway over another. The 
thickness at the crown, the knee, and the bottom of the vertical leg 
was 1 ft. 4in., 3 ft. 0 in. and 2 ft. 0 in., respectively. Plain l-in. round 
reinforcing bars of medium grade steel were used throughout. Details 
of the structure are shown in Fig. 2. A 1:3.25:4 mix by weight was 
used with a 1.2 water-cement ratio. Control cylinders 6 x 12 in. gave 
a strength of 3860 p.s.i. and a modulus of elasticity of 4,500,000 p.s.i. 
when 80 days old. 

The specimen was analyzed by the elastic theory and designed 
for an H-20 truck load, a temperature change of = 45° F., and a 
shrinkage coefficient of 0.0003. Analyses were made for the structure 
with the bases both hinged and fixed, and the structure was designed 
to withstand the maximum stress for either condition. 

The moment due to each of the various causes and the resultant 
moment and the corresponding unit stresses are given in Table 1. 
The live load upon which these values are based consists of two 
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Fic. 1—REINFORCED CONCRETE RIGID FRAME BRIDGE WITH APPARATUS 


TABLE 1 


C 
Mom. | T 

3 DL | 17.4 

x LI 28.4 

& Temp. 8.1 | 

% Shrink $9.2] - 

§ Resultant | 63.1 

ie] | 

baie | 

z | | 

> DL | 19.1 

= LL 29.4 | 

“ Temp. £5.5 | 

@ Shrink. +6.1 | 

2 Resultant 60.0 


Concrete 


Steel 


Moment, thrust and shear 
forces in lb. and unit stresses 








FOR TESTING 


MOMENTS AND FORCES CONTROLLING DESIGN 


By Elastic Theory 
Structure Free to Sway 
E = 3,000,000 p.s.i 





rown Knee 
| Vert 
hrust Shear Mom. | Thrust 
+ Ss 2 | 

8250 0 —85.5 | 9070 
5920 3710 | —63.6 | 5830 | 
+ 5030 +3.9 | 

5710 | +4.5 

8460 3710 | —153.0| 14900 
5640 0| —84.0 | 9070 | 
4050 3810 | —60.5 | 4830 
+ 355 } + 5 2 | 

— 395 | +5.7 

9295 3810 | —149.7 13900 





MAXIMUM UNIT STRESSES 


Crown Knee 
1160 670 
18600 16600 


are for the full width of the structure, 


in lb. per sq. in. 





Base of Vert. Leg 


| Vert. | 
| Mom. Thrust Shear 
| 38.4] 17200 8250 
34.9 3060 5920 
+69.0 + 5030 
—78.5 — 5710 
142.3 20260 19200 
i} —109.1 
| 
17200 5640 
} 4830 4050 
*355 
— 395 





Base of Leg 
1030 


20000 


18 in. Moments in 1000 ft. Ib., 
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concentrated loads, 6900 lb. and 1720 lb., spaced 14 ft. apart and 
located so as to produce a maximum stress at the section considered. 
The values in Table 1 have not been corrected for either rib shorten- 
ing or transverse shear deformation. These deformations affect the 
moment at the bases somewhat but do not have an appreciable effect 
on the moment at either the knees or the crown. Inasmuch as the 
moment at the bases does not appreciably affect the design, correction 
for stress deformation is not essential in the design of a rigid frame 
bridge. 


4. Description of apparatus 


During the test, the specimen was supported in such a manner that 
each base could be given, successively, the three components of 
movement (zx, y and 8). Moreover, instruments were provided where- 
by the relative angular, vertical and horizontal position of each base 
relative to the other could be measured or could be brought to any 
predetermined value. Further, the three components of each reaction 
(H, V and M) could be weighed with scales provided for the purpose. 


Two systems of live loads were used. One, consisting of a single 
weight of 2000 lb., could be applied, successively, at the 11 predeter- 
mined live-load points spaced 4 ft. apart along the deck. The other 
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consisted of two weights, one of 1720 lb. and the other 6900 lb., spaced 
14 ft. apart. These represent the wheel loads of a highway truck. 
The single load of 2000 lb. was used in tests to determine influence 
ordinates for the reaction components at the bases and the two-load 
system is the live load for which the structures was designed and 
was used in the live-load tests. 

The bases were supported in such a manner that they could be made 
to function as either “fixed bases’”’ or “hinged bases’’ as desired. 


III. RESULTS OF TESTS 
5. Influence ordinates for reaction components by unit loads. 


The influence ordinates for reaction components were determined 
by applying and removing a unit load of 2000 lb. successively, at 
load points spaced 4 ft. apart along the deck, and weighing the accom- 
panying changes in the reaction components. The method of making 
a test was as follows. With the bases in their normal position relative 
to each other, a complete set of readings was recorded. This included 
all scales, Ames dials indicating the span, level bubbles indicating the 
angular position of the bases, hook gages indicating the elevation of 
the bases relative to each other, and the Ames dials indicating the 
longitudinal sway of the specimen. The 2000-lb. load was then 
applied at a load point and the apparatus supporting the bases was 
adjusted so as to bring the two bases to their original position relative 
to each other. (This adjustment was made very accurately since a 
very small movement of one abutment relative to the other would 
‘ause an appreciable change in the reaction components). When 
these adjustments had been completed another complete set of readings 
yas recorded. The load was then removed, the bases again returned 
to their original position relative to each other, and a third set of 
readings was recorded. Thus for each load point, one test was made 
for determining the effect of applying the unit load and a second for 
determining the effect of removing the load. The average of the 
results of the two tests is taken as the change in the reaction com- 
ponents due to the 2000-lb. load. 

The first test of Specimen 1 gave moments at the bases that differed 
so much from the computed values that the test was repeated. (Fig. 3) 
Although the two tests differ somewhat for the individual load points 
the two experimentally-determined influence lines for moment are 
quite similar. The heavy broken line of Fig. 3, which represents the 
average of the two tests, is reproduced as the light broken line of Fig. 
4. The full lines of the latter figure were determined by the elastic 
theory. 
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Because the two sets of influence lines, one determined experi- 
mentally and the other by analysis, differed so greatly a second speci- 
men was built and tested. It was a duplicate of the first except that 
it had shear reinforcement in the deck and legs whereas Specimen 1 
had no shear reinforcement. The experimentally-determined influence 
lines for the reaction components for Specimen 2 are compared with 
the corresponding influence lines determined by the elastic theory in 
Fig. 5. For this specimen also, the two sets of influence lines differ 
greatly. 

§. Moment at crown and knee 


The moment in the structure at the crown and knee was computed 
from the reaction components at the bases. These computations were 
made using the two sets of values, one determined experimentally 
and the other by the elastic theory. 

The influence lines for the moment at the crown are given in Fig. 6, 
the upper and lower diagrams being for specimens 1 and 2, respec- 
tively. The full-line values were determined by the elastic theory and 
the small circles represent values for the same specimen determined ex- 
perimentally. The two sets of values are seen to be in almost perfect 
agreement. 

The influence lines for the moment at the knees are given in Fig. 7 
The full lines and the light broken lines are for the structure free to 
sway, the former having been determined by the elastic theory and 
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the latter experimentally. The measured values are a little greater 
than the computed values but the difference is not large. 


7. Factors affecting the moment in a rigid-frame bridge 


The influence lines of Fig. 4 and 5 indicate that the two sets of 
values for the reaction components at the bases of a rigid frame, one 
determined experimentally by the unit-load method and the other 
computed by the elastic theory, differed greatly for the frames tested, 
the experimentally-determined values for the moment being much less 
than the corresponding computed values. But the influence lines of 
Fig. 6 and 7 indicate that the corresponding two sets of influence lines 
for the moment at the knee and at the crown are in close agreement. 
Moreover, there is nothing inconsistent in the two findings since the 
small moment at the base is accompanied by a small horizontal thrust. 

A flexural failure at the knee would cause the structure to collapse. 
A flexural failure at the crown might injure the roadway and would 
increase the moment at the knee somewhat but would not, if the 
section at the crown retained its ability to resist shear and thrust, 
cause the structure to collapse. A flexural failure at the base would 
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have but little effect upon the moment at either the crown or the knee, 
providing the base retained its reistance to shear and thrust. For 
these reasons, although a fairly accurate determination of the moment 
at the crown and knees is desirable, the discrepancies between the 
measured and computed values of the moments at the bases is of 
interest primarily as an academic question rather than as a question 
that vitally affects design. Nevertheless, extensive studies have been 
made to determine why, for the structures tested, the measured and 
computed values of the moment at the bases differed so greatly. These 
studies are described briefly in the following paragraphs. 

A lack of homogeneity of the concrete might cause the moment 
at the bases due to load on the deck to be different for the actual 
specimen than for the hypothetical specimen of homogeneous concrete. 
For this reason, after the tests of Specimen 1 had been completed, 
4- x 8-in. cores were cut from the deck and legs at various points and 
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tests were made to determine the strength and modulus of elasticity 
of the concrete of these cores. It was found that there is some vari- 
ation in the individual values of EF but the variation is not much 
greater than is experienced in tests of poured cylinders made under 
laboratory conditions. The average value of F is about 10 per cent 
greater for the west than for the east leg and the value for the central 
portion of the deck is only about 80 per cent of the value for the 
structure as a whole. 

In order to determine the effect of variations in the modulus of 
elasticity of the concrete upon the influence ordinates for moment 
at the bases of the columns, analyses were made of several series of 
structures having the same general dimensions as Specimens 1 and 2 
but without reinforcement.* One of these structures (a structure for 
which E was assumed to have the same value at all sections and for 
which the J was based upon the assumptions that the concrete was 
uncracked, that the neutral axes of the legs and deck coincided with 
the gravity axes up to the intersection of the latter, and that the two 
intersecting members maintained their separate identities up to the 
point of intersection) was designated as the “standard”’ structure. 
For the first series of structures, the values of EJ were the same as 
the value of EI for corresponding sections of the standard structure 
except for a portion 15.32 ft. long at the middle of the deck. For 
this portion the values of R, the ratios of the EIJ’s of the special 
structure to the E/’s of corresponding sections of the standard struc- 
ture had, for the three structures of the series, values of 2.0, 1.0, and 
0.7. For the second series of structures, the values of EJ were the 
same as the values of EJ for corresponding sections of the standard 
structure escept for a portion 7.66 ft. long at the bottom of each leg. 
For these portions, R for the three structures of the series had values 
of 2.0, 1.0, and 0.40. For the third series of structures, the values of 
EI were the same as for the values of EJ for corresponding sections 
of the standard structure except for a block 4.21 ft. long at each end 
of the deck, three feet of which is also the top of a leg. For these 
blocks, R for the three structures of the series had values of infinity, 
1.00 and 0.25. All analyses are for structures with bases fixed and 
structure free to sway, no correction being made for rib shortening 
or shear deformation. 

The influence lines for the moment at the bases of these special 
structures are given in Fig. 8. The upper group of lines shows the 
effect of variations in the values of EJ over the central portion of the 
deck. The middle line of the group is for the standard structure. 


*These analyses were made by A. A. Brielmaier, Asso. in C. E., University of Illinois. 
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These diagrams indicate that decreasing the values of EJ over the 
central portion of the deck increases the moment at the bases. It 
would appear, therefore, that the fact that the computed value of 
the moment at the base exceeds the measured value could not be due 
to the low value of F over the central portion of the deck. 

The middle group of curves in Fig. 8 shows the effect of variations 
in the values of EJ over the lower portion of the legs, the middle curve 
of the group being for the standard structure. These curves indicate 
that increasing the values of EJ over the lower portion of the legs 
increases the moment at the base due to load less than the difference 
between the measured and computed values for Specimens 1 and 2. 
The tests of the cores indicate that the modulus of elasticity of the 
concrete in the lower end of the legs of Specimen 1 was actually greater 
instead of less than the average for the whole structure, so that the 
discrepancy between the computed and measured values of the 
moment at the base could not be due to variations in the value of E 
for the concrete near the bases. 

The lower group of curves in Fig. 8 shows the effect of variations 
in the values of EJ at the knees upon the influence lines for moment 
at the bases. As in the other groups, the middle curve is for the 
standard structure. Because of the uncertain stress condition at a 
knee, the range of EJ for the portion varied was greater than for the 
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other groups of curves. With R equal to infinity the vertical section 
of the deck inside of the column and the horizontal section of the 
column at the underside of the deck have the same angular motion, 
the stiffest possible condition. Stiffening the knees decreases the 
moment at the bases but changing the knees from the standard to 
the stiffest possible condition reduces the moment only a very small 
part of the difference between the measured and the computed values 
for Specimens 1 and 2. 


As a result of the above study it would appear that the discrepancy 
between the measured and computed values of the influence ordinates 
for moment at the bases is not due to variations in the E of the concrete. 


The analyses that have been described in the previous paragraphs 
indicate that the smallness of the moment at the bases was not due 
to a low modulus for the concrete near the bases. But the middle 
group of curves of Fig. 8 suggest that it might be due to a small value 
of the effective J near the bases. And the effective value of J for a 
reinforced concrete member can be reduced by either a bond failure 
or by cracking the concrete. Both of these factors would reduce the 
effective IJ of the section. 


The reinforcing extends 20 inches below the theoretical base of 
the legs. Moreover, the reinforcing is anchored so that, as it is believed, 
a bond failure would be very improbable. 


Specimens 1 and 2 were not knowingly subjected to loads or base 
displacements that would crack the concrete in the lower portion of 
the legs prior to the unit-load tests for determining the influence 
ordinates for moment at the bases. Moreover, the lower portions of 
the legs were carefully examined for cracks and none were detected. 
So there is no reason, other than the discrepancy between the measured 
and computed values of the influence ordinates for moment at the 
bases, for believing that the concrete was cracked. But because of 
the unexplained discrepancy, another test was planned in which 
bond slip and undetected cracking of the specimen were, it is believed, 
definitely eliminated. The specimen is a \%-size model of Specimens 
1 and 2, and is designated as Specimen 3. It was made of a dry mix 
of sand and cement, had no reinforcement, was cast in a flat position, 
the material being tamped systemmatically so as to obtain, as nearlv 
as possible under laboratory conditions, a uniform E for the structure. 
It was thought that, by omitting the reinforcement, not only the 
possibility of slip but also the possibility of undetected cracks would 
be eliminated. For, without reinforcement, a crack would result in 
fracture. 
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Tests of Specimen 3 gave values for the moment at the bases due 
to load on the deck that agreed fairly well with values determined by 
the elastic theory. Another specimen was made similar to Specimen 
3 except that it was reinforced. Tests of this specimen also gave 
values of the moment at the bases due to a load on the deck that 
agreed fairly well with values determined by the elastic theory. 

As a result of this extended consideration of the situation, the most 
plausible explanation of the discrepancy between the measured and 
computed values for the moment at the bases of Specimens 1 and 2 
would seem to be that the concrete was cracked in the lower portion 
of the legs, the cracks being so fine that they were not discernible. 
Specimen 2 was therefore subjected to a second unit-load test planned 
so as to disclose any discontinuity that might exist in the concrete. 
Sensitive bubbles were attached to the legs of the specimen, one at 
the bases where the rotation was prevented, and others at frequent 
intervals along the legs above the bases. This test established the 
fact that the rotation relative to the base of a horizontal section of 
the leg 6 in. above the base, was several times greater than the rotation 
that could be accounted for by the elastic deformation of the concrete. 
With this additional information relative to its location a crack was 
finally detected in the west leg with the aid of a high-powered micro- 
scope. It was so small, however, that even after being located with 
the microscope it could hardly be discerned with the unaided eye. 

The structures that were made the subject of the analytical study 
to determine the effect of variations in EJ upon the moment at the 
bases were also used in similar studies relative to the moment at the 
knees and the crown. The results of these studies are presented in 
Fig. 9 and 10. The influence lines for moment at the knees, given in 
Fig. 9, indicate that variations in the EH of concrete that are likely 
to occur in the construction of structures of this type do not have 
an appreciable effect upon the moment at the knees. Likewise, the 
influence lines for moment at the crown, given in Fig. 10, indicate 
that variations in the EF of concrete that are likely to occur in the 
construction of structures of this type do not appreciably affect the 
moment at the crown. 

As stated previously, the discrepancy between the measured and 
computed values of the moment at the bases is of interest primarily 
as an academic question. However, because of the uncertainty that is 
sometimes expressed relative to the applicability of the elastic theory 
to the analysis of the rigid frame, it appeared desirable to study the 
question at some length. The results of this study have led to the 
conclusions: (1) For an uncracked specimen the moment, thrust 
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and shear at any section due to loads on the deck agree with the 
values of the corresponding functions determined by the elastic theory. 
(2) Cracks near the base of a leg reduce the moment at the base but 
do not cause an appreciable increase in the moment at other sections 
due to loads. 


LOCATION OF LOAD POINTS 
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Fig. 11 INFLUENCE LINES FOR MOMENT AT KNEES. BASES HINGED 


8. Effect of hinged bases on the moment in a rigid frame bridge 


Specimen 1 was tested when the bases were fixed and also when 
they were hinged. 


The influence line for the moment at the crown is given in the 
upper part of Fig. 6 for the structure with hinged bases. The full 
lines represent values determined by the elastic theory and the small 
circles represent values determined experimentally by the unit-load 
method. The results obtained by the two methods are seen to be in 
almost perfect agreement. Moreover, the influence lines for the crown 
moment for the structures with fixed and with hinged bases are very 
nearly alike. This is in agreement with the data in Table 1, which 
indicate that the maximum resultant moment at the crown (dead- 
load, live-load, shrinkage, and temperature moment) is not materially 
affected by the angular restraint at the bases. 


The influence lines for the moment at the knees are given in Fig. 11 
for the structure with hinged bases. The light broken line represents 
experimentally-determined values and the full lines represent values 
determined by the elastic theory. The two sets of values agree closely. 
The corresponding influence lines for the structure with fixed bases 
are given in Fig. 7. A comparison of the influence lines of Fig. 7 and 11 
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shows that the angular 1 -:raint at the bases has very little effect 
upon the moment at the <nees. This statement also is consistent 
with the data in Table 1. In view of this statement together with 
the last statement in the preceding paragraph, it appears that the 
angular restraint of the bases has very little effect upon the moment 
on a section at either the crown or the knee of a rigid frame bridge. 


9. Effect of horizontal restraint of deck upon moment in a rigid frame 
bridge 

An eccentric load on the deck of a rigid frame bridge will cause 
the bridge to sway longitudinally unless it is restrained. If the sway 
is prevented by a restraining force at the level of the deck, the moment 
in the frame will be affected. 


Tests were made to determine the influence lines for moment at 
the crown and knee when the specimen was restrained against sway 
by a longitudinal horizontal force applied at the end of the deck. 
The small crosses of Fig. 6 indicate experimentally-determined values 
of the influence ordinate for moment at the crown for the restrained 
structure. It is apparent from this figure that restraint against sway 
does not have an appreciable influence upon the moment at the crown. 

The heavy broken lines of Fig. 7 represent the experimentally- 
determined influence ordinates for the moment at the knees of a 
structure with fixed bases and restrained against sway. Fig. 11 con- 
tains similar lines for structures with hinged bases. It is apparent 
that restraining a structure against sway increases the moment at 
the knee and the increase is greater for a structure with hinged than 
it is for one with fixed bases. It should be noted, however, that for 
a symmetrical bridge there is no sway due to dead load and, at the 
knee, the dead-load moment is greater than the live-load moment. 
Moreover, if the live load consists of two concentrations some distance 
apart, as for the specimens tested, and if the larger load is placed at A 
Fig. 11, the smaller load will be at B, where the influence ordinate 
for moment at the knee is reduced by the restraint against sway. 
This still further reduces the importance of restraint against sway as 
a factor to be considered in the design of a rigid frame bridge. The 
question as to whether the structure is free to sway or is restrained 
against sway should not, however, be entirely overlooked. It is of no 
importance in connection with the design of the crown but may be of 
some importance in designing the knee. 

In considering whether an actual structure is free to sway or is 
prevented from swaying, the magnitude of the sway that would 
occur if the structure is free is of importance. The sway due to dead load 
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is zero for a symmetrical structure. The measured sway that occurred 
when the design live load was applied to Specimen 1 was 0.012 in. 
for the structure with hinged bases and 0.003 in. for the structure 
with fixed bases. The load for these tests was located for maximum 
moment at the crown with the structure free to sway. If the load had 
been placed for maximum moment at the knee (sway prevented) the 
sway computed from experimentally-determined influence lines for 
' sway would have been 0.027 in. for the structures with hinged base 
and 0.011 in. for the structure with fixed bases. If the restraint is so 
lacking in rigidity as to permit these small movements the structure 
is not restrained in the sense that the moment at the knee is materially 
affected. 


A longitudinal movement of the deck that is of importance to the 
designer is the sway produced by a horizontal force applied at the end 
of the deck. Such a movement could be produced by an expanding 
road slab that might occur at one end of a bridge without being 
balanced by a similar expanding road slab at the opposite end. Pro- 
vision should be made to prevent such a condition. 
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Fig. 13—CRACKS OBSERVED DURING CAPACITY TEST 


10. Test to destruction 


After the tests to determine the elastic action of the structure, 
which are described in the preceding paragraphs, had been completed, 
Specimen 1 was tested to destruction. The load included the weight 
of the structure and a superimposed load which was increased in 
increments of one live load, one live load consisting of 6900 lb. at the 
center and 1720 lb., 14 ft. east of the center. The relation between 
the load and the moment at the crown and knee is shown in Fig. 12. 
The full lines represent the values computed by the elastic theory 
and the broken lines represent the values computed from the measured 
reactions. Two things are of interest in connection with these dia- 
grams: (1) The measured and computed values are in close agreement. 
(2) The load-moment relation is practically the same with 5 L.L. on 
the structure and the deck and knees badly cracked as it is with 1 L.L. 
on the structure and only a few hair cracks in the deck and knees. 


The structure carried 5 live loads for a period of an hour but the 
deck was badly cracked so the next increment, instead of being one 
live load, consisted of a single load of 2000 lb. at the crown. The 
deck failed near the west one-quarter point, as indicated in Fig. 13, 
while the load was being applied. The deflection of the deck under 
live load is shown in Fig. 14, and the position of the thrust line at 
various loads is shown in Fig. 15. 


The appearance of the structure after failure is shown in Fig. 16, 
and the position of the fracture relative to the thrust lines is shown 
in Fig. 15. The failure, which was very abrupt and wholly unex- 
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Fic. 14—DEFLECTION OF DECK DUE TO LIVE LOAD 


pected, was a shear failure. This is true even though the shear at 
the section of failure was small. The maximum unit shear due to 
design load was only 32 p.s.i. and no shear reinforcement was provided. 
Even at the load that produced failure the unit shear was only 72 
p.s.i. at the section of failure. But it seems probable from the cracks 
shown in Fig. 13 that the shear resistance was greatly reduced by a 
crack at a section where the moment was so small that flexural com- 
pression was not great enough to produce a friction that would resist 
the shear. The shearing stress for highway loading is usually low for 
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Fig. 15—TuHRUST LINES. CAPACITY TEST 





Fic. 16—SpPrEcIMEN NO. 1 AFTER FAILURE 


this type of structure, however, it would appear from the character 
of the failure of Specimen 1 and the abruptness with which failure 
occurred, that shear reinforcement should be provided in concrete 
rigid frame bridges even though the shear is small. 


The unit compressive stress in the concrete at the center of the deck, 
based on the measured reactions when the structure carried five live 
loads, was 3150 p.s.i., comparable with a cylinder strength of 3860 
p.s.i. at an age of 80 days. Strain readings on the reinforcing rods 
indicated that the steel was stressed beyond the yield point but there 
was no spalling or other indication of impending failure of the concrete. 
Moreover, failure occurred at a section several feet from the center. 
It would seem, therefore, that concrete can be expected to develop 
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approximately the same compressive strength in a rigid frame bridge 
as in a 6-in. x 12-in. control cylinder. 
IV. INTERPRETATION OF RESULTS 

11. Interpretation of results 

The tests reported in this paper appear to support the following 
recommendations relative to design. 

1. An analysis by the elastic theory gives values for the moment, 
thrust and shear on any section which are accurate enough for pur- 
poses of design if the analysis is based on the following assumptions. 

a. The stress-strain relation for the concrete has the same value 
at all sections and at all stresses. 

b. The moment of inertia is for an uncracked section. 

c. The deck and legs maintain their separate identities up to 
the points of intersection of their axes. 

2. The variations in the modulus of elasticity of the concrete that 
may be expected in a field structure will not have an appreciable 
effect upon the stresses due to loads. 

3. Restraining the deck of a rigid frame bridge so as to prevent 
longitudinal sway due to eccentric loads on the deck does not increase 
the maximum live-load moment at the crown or base but does increase 
the live-load moment at the knee somewhat. But, since the dead 
load causes no sway and the dead-load moment at the knee is greater 
than the live-load moment, the resultant moment is not greatly 
affected. Provision should be made to prevent the structure from 
being subjected to a longitudinal horizontal force at the end of the 
deck due to an expanding road slab or other similar cause. 

4. A flexural failure at the knee will cause the structure to collapse; 
a flexural failure at the crown may injure the roadbed but so long 
as the deck retains its ability to resist shear and thrust, the structure 
will not collapse nor will the moment be materially affected at other 
sections; a flexural failure at the base will not appreciably affect the 
moment due to load at other sections nor will it cause the structure 
to collapse if the base retains its capacity to resist shear and thrust; 
a small increase in thickness at the knee will cause a considerable 
increase in the flexural strength of the knee. For these reasons an 
approximate determination of the moment at the crown and bases is 
satisfactory for purposes of design but it is highly desirable to make 
ample provisions to resist the shear at these points. Because the 
moment at the knee is affected by the restraint against sway and is 
therefore somewhat uncertain, because extra flexural strength of the 
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knee can be obtained with so little cost, and because a flexural failure 
of the knee is so serious, it is good engineering sense to design the knee 
for a moment somewhat greater than the moment computed by the 
elastic theory for structures free to sway. 

5. Variations in the angular restraint of the bases does not appreci- 
ably affect the resultant moment (resultant of the dead-load, live-load, 
temperature and shrinkage moments) at the knee and crown. But 
because, for a structure of a given height, the moment at the bases 
due to shrinkage and temperature changes increases with the span 
and becomes excessive for long spans, hinged bases are definitely 
advantageous for long spans and are not disadvantageous, except 
for cost, for short spans. 

6. Because shear reinforcement adds to the tenacity of a reinforced 
concrete structure, thereby increasing the deformation to which it 
can be subjected without failure, the deck and legs of a rigid frame 
bridge should have shear reinforcement even though the unit shear 
in the concrete is small. 


Discussion of the foregoing paper will be welcome if received in tri- 
plicate by the Secretary of the Institute by July 20, 1938. For such 
discussion as may develop readers are referred to a supplement to be 
issued with the next issue of the JouRNAL. The supplement will 
close the current Proceedings Vol. 34 and will include besides 
discussion, Title Page, Contents and Indexes, plus Membership 
Directory and “year book’’ information about A. C. I. Please 
note that the next JOURNAL will begin a new schedule of six 
Journals a year—September, November, 1938, January, 
February, April and June 1939. 
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Discussion of a paper by Wilson and Kluge: 
“Tests of Rigid Frame Bridges’’* 
GEORGE C. ERNSTT 


The tests upon full sized rigid frames reported by Wilson and 
Kluge should receive more than ordinary consideration and study. 
Although the authors justifiably point out that any interest in the 
differences between measured and computed base moments is acad- 
emic insofar as practical design is concerned, their study of the matter 
is a most interesting and valuable contribution. 

Engineers have often raised the questions of the effect upon design 
stresses of , 1) variations (from the assumed values) in the modulus 
of elasticity and moment of inertia at different sections of the actual 
concrete structure, and 2) incipient cracking. The paper definitely 
brings out the relative effects of these two factors. Such information, 
while academic in nature, is invaluable in allaying fears. 

It should be noted that a cracked section apparently affects the 
structure by virtue of increased steel deformation in the vicinity of 
the crack and not from the change in the moment of inertia of that 
section. 

The report upon the hinged condition when compared with the 
fixed (items 7 and 8 and recommendations 1, 4, & 5 of item 11) should 
be of particular interest, since many so-called articulations or hinges 
as presently designed for rigid frames do not assure freedom of rota- 
tion and in some cases may not be very effective in resisting high 
shears. 

It appears that if the hinged condition be assumed in design, it 
would be best to use a hinge which would assure freedom of rotation 
combined with a high resistance to thrust and shear. In addition to 


*JouRNAL Amer. Concrete Inst., May-June 1938; Proceedings Vol. 34, 625. 
tAsst. Prof. in Civil Engineering, University of Maryland, College Park, Md. 
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this, even though the structure be designed for the maximum stresses 
resulting from hinged and fixed conditions, the writer is not yet con- 
vinced that incipient cracking such as would occur due to base re- 
straint in a concrete structure of the type tested is not a harmful 
feature which might lead to high maintenance cost if nothing else. 


The paper shows a need for further laboratory work upon, 1) eco- 
nomical types of hinge construction for rigid frames, and 2) the 
flexibility of reinforced concrete members subjected to thrust and 
shear. 


AUTHORS’ CLOSURE 


In the absence of any adverse criticism of the interpretation of the 
experimental data by the authors there would seem to be little to offer 
in the way of aclosure. The test to destruction* of Specimen 2, which 
has been made since the paper was published, indicated that the shear 
reinforcement added greatly to the flexibility and tenacity of the strue- 
ture, as was predicted by the authors in the original paper. 


An interesting fact brought out in the paper is the statement that 
angular restraint of the bases has very little effect upon the moment 
on a section at either the crown or the knee of a rigid frame bridge. 
This was true of the particular structure tested as determined both 
analytically and experimentally and was found from later studies to 
be generally true of other rigid frames of similar proportions all 20 ft. 
high but with span lengths varying from 30 feet to 80 feet. Influence 
lines for moment at the crown and knee are shown in the following 
figure for frames of various span lengths, each analyzed as fixed and 
then as freely hinged at the bases. From an examination of these 
diagrams it is evident that live load moments are very little affected by 
restraint, and if dead load, temperature and shrinkage moments are 
combined with the live load moment, the resultant design moments, as 
given in the table, likewise, are not affected much by restraint. Except 
for two instances the difference in moments are all less than 10 per 
cent. For moment at the knee for 60 and 80 ft. spans the difference in 
moments is 15 and 13 per cent respectively, which is not very large 
when one considers that they represent an extreme range from com- 
plete flexibility to complete restraint at the basis. It would appear 
then that an unexpected angular movement at the bases of a rigid 
frame should be of little concern as far as stress at the critical points 
of the structure are concerned. Undoubtedly some angular rotation 
does occur at the footings of frames constructed as fixed because 


*This will be reported inaforthcoming bulletin of the University of Illinois Engineering Experiment 
Station. 
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cracking of the concrete at these points is possible. Likewise, it 
would appear that hinges at the bases of the frame need not be com- 
pletely flexible provided the vertical leg is adequately reinforced. 


MOMENTS CONTROLLING DESIGN OF RIGID FRAME BRIDGE 
Section 1 ft.-0 in. wide. 





Cc lear Span 


30 ft. - 40 ft. 60 ft. 80 ft. 


| Hinged ‘Fixed | Hinged | Fixed | Hinged | “Fixed | Hinged Fixed. 





Dead Load i. 760) 1,630) 2,900} 2,900) 12,560 11, 000 23,! 540 














20,450 
«| Live Load _12,800| ~~ 12,100| 15,240) T5.220] ~ 21,250) 19,580| 27,700| 25,750 
: Temp. 13 a +990| = am 1,450) : +2,010 por - +6,920 20; + "10,930 + 1 3,7 750 * 15,620 
‘Shrinkage | | 660| —(970| _1,340| 2,240) ~—«4,640| 7,280) —«9,150| 10,430 
‘Resultant | 16,210) 16,150} 21,490| 23,720| 45,370| 2 790|  74,140| 72,250 
‘Dead Load | 9,050] 10, = —19,700| —23,880| —63,900| —81,200|—145,200| — 188,200 
Live Lead a —25, 800) —24, 4,800) | —36,300 36,400) 61, 300 | —64, 400 "94,508 500 95,800 

i Temp. | +960) 12 20) 21,900] =2,350| =6,460/ =6.180 £12,450 0 
¥ Shrinkage | 640, 80| ~~ 4.270 [a 570) | 4.310 7 4,120 : 8,300 ; 0 : 
“Resultant | 35,810| 35,690] 87,900} —“gaesol 181,00) 151,7001 369,150] 300,000 

| | 























Vol. 34 PROCEEDINGS OF THE AMERICAN CONCRETE INSTITUTE 


JOURNAL 


of the 
AMERICAN CONCRETE 
INSTITUTE 
7400 SECOND BOULEVARD, DETROIT, MICHIGAN MAY-JUNE, 1938 


Principles of Concrete Shell Dome Design* 


By Eric C. MoukKet 


AND J. E. Katinxalt 


MEMBER AMERICAN CONCRETE INSTITUTE 
SYNOPSIS 


In a review of basic structural members as used today the construction 
of domes has been neglected in modern engineering, probably due to the 
difficulty of analytic presentation of three-dimensional structures. 

A review of the assumptions for the ordinary beam theory is given and it 
is found that it is far from correct to treat high diaphragm (wall-like) beams 
as well as thin shells in general with the law of the straight line distribution 
of stresses. Airy’s stress function method which was introduced seventy- 
five years ago is more suitable and therefore recommended for the calcula- 
tion of such structures. 

A dome is defined as a doubly curved structural element with a round 
or polygonal base area. It can also be a cylindrical sector of single curva- 
ture, stiffened at the curved edges with diaphragms to make up for the 
discontinuity and the lack of curvature in the other direction. 

A shell dome is made of a very thin membrane which is unable to take 
transverse bending moments. In principle a shell dome is similar to an 
inverted pressure vessel, whose skin can take only direct stresses. 

It is shown that a series of simply shaped shell domes with proper stiffen- 

ing members can be used to build strong, light and economical structures. 
Examples are cited of the construction of Z.D. shell domes in America. 
’ The theory of shell structures is presented in such a way that the reader 
who is not interested in mathematical details is able to picture the stress 
distribution over the membrane. It is found that shell cupolas supported in 
a few points only, show stress distribution similar to the ones observed on 
diaphragm beams. The calculation of shell domes is carried out with the 
stress function method and the stress distribution is shown by trajectories 
in isometric views. 








*Presented in outline by Mr. Molke at 34th Annval Convention American Concrete Institute, 
Chicago, Feb. 22-24, 1938. 


t {Structural Engineer, Roberts and Schaefer Co., Chicago. 
tVice-President Roberts and Schaefer Co., Chicago. 
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Measurements of deflections on shell structures are cited which bear 
out the fact that the outlined method of design conforms to actual stress 
conditions in a much higher degree than would be expected from actual 
deflections on structures designed according to ordinary beam theory. 


INTRODUCTION 


In designing the imposing buildings of our day, the engineer has 
generally used a few basic structural members—slabs, beams, columns, 
arches and ropes which could be designed according to comparatively 
simple rules. These basic forms have been combined into more com- 
plex structures, such as trusses and frames. When concrete con- 
struction came in use, the monolithic combination of different mem- 
bers became especially important. 

Working on these problems we came to use such expressions as 
“direct stress,’ “shear,” “moment” and ‘elastic displacement.” 
We became used to attacking all problems with the theorem of a 
straight line distribution of stresses, and basing the calculation of 
strength therefore on area and moment of inertia of the cross section. 
We also became used to determining the deformation of members 
due to longitudinal forces only, e.g., in a beam we consider only the 
shortening by the horizontal forces in the compression face and the 
elongation by these forces in the tension face. A standard set of 
formulas has been developed on these assumptions, which can be 
found in all handbooks and they have worked remarkably well in 
designing basic structural members and their combinations. These 
formulas work well because most structural members have been shaped 
in such a way that the proportion of depth to span was very small, 
for which condition the results are correct enough to give a reasonably 
true picture of stress distribution. No experienced designer would 
apply these formulas, however, for a very high beam (diaphragm) 
such as a high bin wall carried on closely spaced columns or on a tee 
beam with excessively wide flanges. On such designs we usually 
follow certain code rulings, which in the case of a tee beam restricts 
the width of the flange to a certain proportion of depth and span. 
Such rules are very arbitrary and lead to many contradictions and 
uneconomical design. For most structures the designer need consider 
forces acting in one plane only, usually forces in a vertical plane, the 
influence of horizontal forces being added subsequently. Drafting 
and calculating on paper, we have developed a ‘‘one plane mind.” 
This might be the reason that the least used basic form in modern 
structural engineering is the dome; although, perhaps, the oldest 
type of building construction. 
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Dome and pressure vessels in the orthodox manner of design have 
always been considered, as supported continuously around their 
bases. Formulas have long been known to solve for the stresses in a 
spherical dome for continuous supports and loads. Such continuous 
supports, however, limited the use of these structures and the fact 
was seldom considered that continuous supports introduce large 
uncertain bending moments at the junction of the heavy supporting 
wall or circumferential girder with the thin membrane of the shell. 

Newer stress theories showed how to calculate and how to reduce 
the moments at the base of the shell toa minimum. They also proved 
that it is possible to support a shell dome on several points only, 
utilizing the bridging action of the shell membrane itself, if the latter 
is provided with appropriate stiffening members at the edges. Since 
curved shells are large and thin in comparison to the column spacing, 
their treatment leads to considerations similar to those applied to 
plane high diaphragm walls. 

I—pDIAPHRAGMS 

Before going farther in discussing the principles of shell design, we 
will consider briefly the theory of high diaphragm walls and its de- 
parture from the ordinary beam theory. Fig. 1 is taken from Dr. 
Dischinger’s “Contribution to the Theory of Wall-like Girders’’* 
and shows his results for the stress distribution in vertical cross 
sections of a diaphragm supported continuously over equally spaced 
columns. These stress curves show strikingly how incorrect results 
are, especially for the negative moments over supports, if stresses in 
such a diaphragm are calculated by using the moment of inertia of 
the girder with the assumption of a straight line distribution of 
longitudinal stresses. 

In the ordinary beam theory only the influence of longitudinal 
stresses for the deformation is considered, while the influence of 
shear as well as the distribution of load over the cross section of the 
beam element is neglected altogether. In order to get a truer picture 
of stresses in high girders, diaphragms and shells, these factors must 
be considered, and sometimes also the lateral contraction of the 
elastic material due to deformation normal to the direction of stress 
such as expressed by Poisson’s ratio ‘“‘m.”’ 

The necessary steps for solving the problem of diaphragm walls 
are indicated in the newer books*-* on the theory of elasticity and are 
briefly as follows: 

Assume an equal stress distribution over the thickness of the 
diaphragm, making the design a two dimensional problem. Select 
two rectangular coordinates and cut out an element dz dy from the 
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diaphragm at a location indicated in Fig. 1. According to Fig. 2, 
apply the stress components per unit length T,, T. and S along the 
four edges of the parallelopiped, denote their differential changes 
over the lengths of the element hoon = = and indicate the 
Ox Oy OX OY 

loads acting on the element by their components X and Y. These 
loads might be components of either a body force such as gravitational 
load, or components of a distributed surface force, per unit area, 
a—Equations of equilibrium 

In order to keep the element in equilibrium the sum of all forces 
must be zero in the directions xz and y. The following equations of 
equilibrium can be read immediately out of Fig. 2, if momentarily 


the element is assumed to be the unit area of the size dr = land dy = 1 
oT Os . ’ 
= al 41- ¥ (ae Hi AALS 

Ox OY 


2 {=e ey oh... Ry (1b) 
OY Ox 

The further condition for equilibrium of the element is that the sum 
of all moments around the center of the element must be zero. In 
order to satisfy this condition, all shear forces S at the four edges of 
the element must be equal. 
b—Elastic Equations and Compatibility 

The outside loads will elastically deform the structure so that all 
elements therein will be displaced in relation to their original position. 
As shown in Fig. 4, call the components of such displacements ,‘‘w’’ 
in the horizontal direction and ‘‘v’’ in the vertical direction. The 
stress components on the element dx, dy will deform the element as 
indicated in Fig. 3. If 7; be a compression force it would shorten the 


° ° ° ” _ Ou T; . ’ 

element in direction ‘‘r’”’ at a rate é; = — = — according to Hook’s 
Ox ut 

law, but would elongate the element in direction ‘‘y’’ at a rate é = 


ry 


1 ° ; ° ‘ 99 Cie ° ° 
—m — due to Poisson’s ratio ‘“m.”’ Similar equations could be written 


for the stresses J’. The strains due to 7; and Ts have been added 
together in both directions (equation 2a and 2b.) Without the exist- 
ence of the shearing stress components S, a square element would 
merely change to an oblong, Fig. 3c. The shear components S, how- 
ever, will change the rectangle into a rhombic shape and the resulting 
angle of detrusion can be read from Fig. 4. Thus we obtain the 
equations for the components of strain 
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on as Ou 
e, = —(T,— mT,) = —.. . (2a) 
Unit Et Ox 
Elongations ee av 
6 € = —(T2-mT;) = —.... ; (2b) 
Et Oy 
: 2(1 Ov Ay 
Detrusion 7, = Mino S=- A + , (2c) 
Kt Ox Oy 


Equations 1 and 2 are a set of mathematical expressions describing 
stress and strains in each element. To solve the equation it is neces- 
sary to integrate over the whole area of the diaphragm and it shall be 
noted in equations 2 that the three strain components e), és and y 
must satisfy a certain relation between the components of displace- 
ment u and v of each element on the whole diaphragm. In other words 
the distorted parallelopipeds must fit together again and compose a 
continuous surface, like the parts of a jig-saw puzzle. This condition 
is easily expressed in an equation by differentiating equation 2a twice 
with respect to y, equation 2, twice with respect to z, and equation 2, 
once with respect to z and once with respect to y and obtain 

We, , Per PY 
oy” dx? Oxdy 


GO ae are ae (3) 


Equation 3 is called the relation of compatibility for two dimensional 
problems. 


c—Boundary Conditions 


By integrating above functions over the whole surface it is found 
that conditions at the border lines must be satisfied. In the case of a 
diaphragm, the upper and lower edges, as well as the ends left and 
right, will represent a discontinuity. The above functions describe 
the conditions of equilibrium as well as of elasticity within the body. 
The conditions at the boundary of the body such as load, stress or 
displacement will have to be considered in establishing the constants 
of integration. For example, consider a uniform external load p 
applied on the upper edge of the diaphragm then along this edge: 

T,=0 T2 =p Ee eee ee (4) 
In other words all stresses must be zero along the outer edges except 
where outside loads are applied, in which case the stress components 
at the border are equal to the respective components of the outside 
load. 


d—Airy’s Stress Function 


We now have three basic conditions or three sets of equations which 
will control stress and strain in each point of the diaphragm. 
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(a) The equations of equilibrium (1) indicating under what con- 
ditions of stress and load the element will be balanced in the plane 

(b) The compatibility equation (3) safeguarding that all elements 
after deformation will fit tightly together into a uniform continuous 
pattern. 

(c) The equations for the proper ‘boundary conditions,” e. g. (4) 
indicating stress and strain at the surface of the body. 

The usual method of solving these equations is by introducing a new 
function f (xy) called stress function. 

For a uniform load distributed over the material of the beam, like 
the body force due to weight, the stress components are: 

Xx =0 Y=g g being the weight of an element of unit area 
dz=1 and dy=1 and of the thickness ¢. 

It can be proven that in case the stress function f (xy) will satisfy 
the following equations it will also satisfy the conditions (a) and (b). 

a ae ae 

ox Ox*0y? ~—s- ay" 

oy ee ee eee. Se eae eS 
oy" Ox Oxdy 

The object of the final investigation of stresses and strains in a beam 
will therefore be to find a function f which will also satisfy the boundary 
conditions. These were mentioned under “c—Boundary Conditions,” 
and have to be taken care of in choosing the constants of integrations 
for function equation (5). 

Stress functions were introduced by G. B. Airy, London 1862 and 
although the integration is difficult in many cases on account of border 
conditions, many solutions for loads on beams and plates are given in 
the literature. Many times it is helpful to introduce the outside 
loads p (x) at the boundary by means of Fourier’s series *** such as 
expressed by equation 14) in “III—Z. D. Barrel Shell Roofs.” 

The curves showing the distribution of longitudinal stresses in high 
beams, (Fig. 1) have been calculated in a similar manner, using Airy’s 
stress functions and Fourier’s series. At the present this method seems 
to give the most exact solution of the stress condition in high beams. 





e—Principal Stresses 

For a general understanding of the problems dealt with in this 
paper and for the benefit of those who do not care to look up the refer- 
ences cited, a graphical presentation of the stress distribution in 
structures will be given wherever possible. 

In order to explain the conception of principal stresses it is necessary 
to refer again to the assumption of stress components as shown in Fig. 2 
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and the corresponding deformations shown in Fig. 3. Normal com- 
ponents of stresses 7’; and 72 parallel to the z and y axes, and shearing 
stress components S along the edges of the element were assumed 
which result in a rhombic deformation of the element. From the 
elastic theory, *:'* however, it is known that at any location an element 
can be cut from a diaphragm at such an angle that after load appli- 
cation its square shape will change to a rectangle without detruding 
into a rhombic shape. 

Since there is no detrusion on such an element there can be no 
shear force along the edges and stress components must be normal 
to the element. These components are called the “principal stresses’’ 
and the direction of the edges the “principal directions.” 

Fig. 5 illustrates such a square section cut from the diaphragm beam 
in the principal directions. On the assumption that the forces 7, are 
compressive and 7, tensile, the section of the diaphragm would 
deform from a square to a rectangular shape as shown. Any smaller 
square element A cut out along the same direction would experience 
a similar proportional deformation. 

Consider further a square element B cut from the section of the 
diaphragm with the two edges parallel to the horizontal z and the 
vertical y axes in the originally assumed system of coordinates. It is 
evident that the element B will not deform in a manner similar to 
element A but will take a rhombic shape, although the forces acting 
on elements A and B are identical. 

It follows that while element A had only forces acting normal to its 
edges, there must be shearing forces S acting along the edges of element 
B in addition to the assumed forces 7; and T2. In other words, it 
may be considered that the forces 7, and T; on element A are resolved 
into forces JT, and S, and T; and S respectively on element B. 

The above discussion covers the basic ideas of the concept of prin- 
cipal stresses. It must be noted that the concept of shear is eliminated, 
when considering principal stresses in each point of the diaphragm. 
Principal stresses are always at right angles to each other in every 
point of the diaphragm. A set of curves drawn over the surface 
plane of the diaphragm will indicate the principal direction of stresses 
in each point and will clearly illustrate the stress distribution in the 
same. Such a set of curves is called the trajectories. 

In Fig. 6 are shown the trajectories for a diaphragm beam on 
continuous supports. Fig. 6a and 6b have been worked out with 
Airy’s stress function theory, while 6c has been computed with the 
assumptions of the ordinary beam theory. Fig. 6a shows the traject- 
ories for a uniform load p applied on the top edge while 6b shows the 
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trajectories for the same load but hung to the bottom edge. Where- 
ever the trajectory lines denote tension they are dotted, and where 
they denote compression they are full lines. It must be said that the 
stresses change in magnitude along the trajectories. One can compare 
the dotted lines (tension) with a series of ropes resisting the tension, 
while one can picture the full lines (compression) as a series of arch 
ribs resisting the compression. It may be noted that where the load 
is applied on top Fig. 6a it is carried down into the lower half of the 
diaphragm by column action where the main work of the bridging 
takes place. In Fig. 6b one can also see that the main bridging action, 
compression, takes place near the lower edge, while only a small part 
of load more or less dissipates into the higher zones. 


The trajectories in Fig. 6c which have been determined according 
to the usual assumption of a straight line distribution of stresses, 
show how far the principal stress trajectories deviate from actual 
conditions. It should be noted that the maximum stresses are much 
greater calculated according to the stress function method than by the 
ordinary beam theory of straight line distribution.* For a homo- 
geneous material, according to the ordinary beam theory, the dis- 
tribution of the compressive as well as the tensile stresses is described 
by triangles, so the lever arm of the interior forces amounts to two- 
thirds of the depth of the beam. According to the stress function 
theory, however, for a relation of depth to span equal one and a width 
of the column of one tenth of the span, the lever arm is about .47 
times the depth of the beam at the center of the span. The resultant 
of the tensile stresses in any cross section will therefore be much 
greater according to the more exact method. 


The resultant of longitudinal stresses, compressive and tensile, can 
be determined by finding the respective areas of the stress diagram 
as indicated in Fig. 1. The positive moment induced at the center 
of the span and the negative moment over the supports will be the 
resultant times the lever arm of interior forces. It is interesting that 
in high diaphragms for a certain ratio of depth to span the lever arm 
of the interior forces is entirely dependent on the length of the span. 
If the span is increased, the lever arm of the interior forces also in- 
creases so the maximum stresses remain practically unchanged. The 
values for maximum stresses at the bottom edge, indicated in Fig. 1 
as a multiple of the load p are practically the same for any ratio of 
depth to span greater than two-thirds. The maximum stress value 


*] disc hinge rin the above mentioned article * has calculated the stress distribution in beams of different 
ratio of depth to span, and it appears that the ordinary beam theory becomes unsafe at the ratio of 
one to two 
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Fig.7—CoMPONENTS OF FORCES—(A) ON ELEMENT; (B) IN CROSS SECTION 
Fig. 8 (A)—COMPONENTS OF DISPLACEMENT 
Fic. 8 (B) AND (c)—DISPLACEMENTS AND STRAINS—(B)—OF ELEMENT 
IN CROSS SECTION; (C)—OF ELEMENT IN PLANE OF MENBRANE (SAME 
AS FOR DIAPHRAGMS) 


at the center of the support depends however to a great extent on the 
relative width of the column in comparison to the span. 


II—PIPES SUPPORTED ON RING GIRDERS 


A simple three dimensional structural member can be developed 
from a plane diaphragm by rolling it around a cylinder and joining 
the top and bottom edges of the diaphragm, thus forming a con- 
tinuous pipe surface. The simple column supports in the case of the 
diaphragm must be replaced by ring girders supporting this pipe 
shell continuously around the surface. 

It is well known that diaphragms offer great resistance to loads 
acting in their plane, but that any force normal to this plane would be 
dangerous to the stability of the diaphragm. Likewise the pipe shell 
shows great resistance to any set of loads acting in its curved plane. 
From the discussion of the equilibrium of forces in an element of the 
diaphragm (Fig. 2), we can also conceive a great resistance of the pipe 
shell to loads continuously distributed over its surface as long as the 
loads can be transferred by a set of direct forces, over the material 
of the shell, to the supports. 

In order to develop a logical demonstration of the theory of pipe 
shells, a distribution of loads by direct forces only over the skin of 
the pipe will be assumed first, neglecting any stress components normal 
to the surface, which will be shown to be rather negligible, particularly 
in the case of a pipe with continuous loading. The normal stress 
components will be treated separately. 
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The distribution condition with direct forces only is called the 
“membrane condition” since all stress distribution occurs through 
the curved surface of the shell or membrane. The condition of dis- 
tribution of stress components normal to the surface will be called the 
“flexural condition”’ of the shell, since such stresses will tax its resist- 
ance to bending. The “membrane condition” is by far the more 
important conception of forces in shells. The ‘flexural condition” 
will be used principally in the portions of the structure where equili- 
brium of the elements cannot be maintained under the “membrane 
condition”’ alone. 


1[-A—-MEMBRANE CONDITION OF THE PIPE SHELL 

In Fig. 7 is shown an element detached from the pipe shell with 
unit stress components 7, 7’: and S acting along the edges, and the 
unit load components X, Y, Z assumed as acting in the center of the 
element. Similar to the coordinates x and y in case of the diaphragm, 
a system of two coordinates for this element is established as follows: 
xz in the direction of the generators of the cylinder and R¢ in the 
direction normal to the generators, @ being the angular distance of a 
shell element, in general from a vertical axis, and R being the radius 
of curvature of the shell element. Since the element dz.Rd¢ has been 
detached from the membrane along the lines of the coordinates, 7; can 
be called the longitudinal stress component and T, the ring stress 
component, while S donates the unit shear along the edges, just as in 
the case of the diaphragm. 
a—Equations of Equilibrium 


In order to set up the equations of equilibrium consider again, 
momentarily, the element as a unit area dr=1 and Rdg@=1. Then 
from the condition that the sum of all forces in the X,Y,Z directions 
of the load components must be zero, the equations of equilibrium 
‘an be written from Fig. 7 as: 

oT, Os 


— + ee Ee ss Gh o clabe nS ws hak bala eae ae (6a) 
Ox Rd 
es ey wee a Ree (6b) 
Rdd Or 
T’. ; , 
—+ Z=0 is eee: spat Svs vwe Vee 
t 


It can be noted that the construction of the first two equations of 
equilibrium for the cylinder shell are exactly the same as the equations 
for the diaphragm, if one allows for the difference in notation of the 
second coordinate, which has been changed from y to Rd. The third 
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equation for the ring stress T, = -RZ the well known formula for 
pressure vessels indicates, that the load component Z normal to the 
pipe shell must be entirely resisted by the ring stress 7’: since all other 
stress components are located in planes normal to the component Z. 
The equation 6c is graphically demonstrated by the stress diagram of 
Fig. 7b. It can easily be understood that for the infinitely small 
element the angle d¢ will be very small so that sin d¢ can be taken to 


be d@ and that the projection on Z of the increase in ring stress Fs 
can also be neglected. The meaning of this set of three differential 
equations is the following: The size of the load component Z normal 
to the cylinder surface, definitely describes the amount of ring stress 
T. in each element. The magnitude of the ring stress is altogether 
independent of the other load components X and Y, but the increase 
in ring stress 07’, along the unit length of the element has to be in a 
certain relation with the increment of shear in the longitudinal direction 


_ ae 
omy (See Eq. 6b). On the other hand the increment of shear along the 
xr 


Y 
A‘ 





circle normal to the generators must be proportioned to the 


increment of the longitudinal forces 07; in the direction of the gener- 
ators of the cylinders. If we can satisfy this set of equations we can 
solve our problem of load distribution with the ‘‘membrane stresses”’ 
T,, Tz and S. 
b—Elastic Equations and Compatibility 

The equations for strains, detrusion and displacement over the 
surface of the membrane will be identical with the case of the dia- 
phragm (Fig. 8b). A displacement normal to the pipe surface will 
take place however, resulting from the change in length of the mem- 
brane elements.” An elongation é@ of the ring elements due to ring 
tension, for instance, will produce an increase in radius and therefore 
push the element outward a distance w=é@R and vice-versa. Having 
this relation in mind one can easily develop the equations for dis- 
placement and stresses on a cylindrical membrane from equations (2) 
as follows: 
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The relation between the strains e, the detrusion y and the membrane 
stresses will 7" as before in the case of the diaphragm: 


ou 


é = Hs (T,—mT?) = Soy t + Aah eet awewnn eiaetwne hal (8a) 

éo = — (T-mT - See ee Lee 8b 

2 = ( 2 i) = a + R (8b) 
= + m) ou Ov 

= ——_——_ ._§ = — FEO Oe he Peet Gas 8c 

Et Rd + Ox (Bc) 


With the proper mathematical application of the differential equations 
(6) and (8) all problems of membrane stresses and membrane dis- 
placements of the pipe shell can be solved, be they statically deter- 
minate or statically indeterminate supported, for a continuous load 
as long as the boundary conditions are satisfied. 


c—Boundary Conditions 


It is possible to solve the differential equations of equilibrium (6) 
and of elasticity (8) without the use of stress functions. By integration 
of equations (6) the membrane stresses are obtained as: 


ee PET eer errr Pere etree emir ron meer! (9a) 
S = Je + . . 27) | pee, re ea Senn (9b) 
R dad 


--[« + 2) ee 9 GOR ic ov 5sd oaks bee (9c) 
ag 


in which c; (¢?) and ¢» 2 are the constants of integrations depending 
on the conditions at the supports and at the outer edge of the shell. 

In the case of a statically determinate system of supports such as 
chosen in the example of Fig. 9, it is obvious from symmetry that the 


L ; 
shear at the center of the span, x =— must be zero, from which the 
2 


2 
value c, (¢) for the center span can be obtained directly. The longi- 
tudinal stresses 7’; as well as the shear stresses S must be zero also 
at the cantilever end, x=l from which the values c, (@) and cz (¢) as 
well as the values 7’, for the cantilever span can be determined, 

The ring girders for the pipe as well as all end stiffeners for shell 
structures in general are thin diaphragms of high resistance in their 
own planes but very flexible and yielding to forces normal to their 
planes. Any forces 7; coming from the cantilever end must therefore 
be resisted in full by the longitudinal forces created in the center 
span L, and we can conclude that the forces 7’; must be the same at 
the left as well as the right of the stiffener rings. Since the forces 7’, 
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Fic. 9—(A) TRAJECTORIES FROM WATER LOAD ON PIPE SHELL WITH 
CANTILEVERED ENDS (PIPE JUST FULL); (B) INTENSITY OF LONGITUDINAL 
FORCES IN PIPE SHELL; (C) RESULTANT FORCES ACTING ON RING GIRDER, 
INTENSITY OF FORCES (AT RIGHT) 
Fig. 10—(a) DEFORMATION OF PIPE SHELL CALCULATED WITH THE 
MEMBRANE THEORY; (B) DEFLECTION OF A BEAM OF EQUAL STIFFNESS 
AS ABOVE PIPE—CALCULATED WITH THE ORDINARY BEAM THEORY 


from the cantilever span are known, we can solve for cz (#) in the center 
span for x = o. Thus the constants of integration in both spans are 
determined and very simple formulas for the membrane stresses are 
obtained. 

In the case of a cylindrical structure with a statically indeterminate 
support condition such as a continuous pipe line over several supports, 
it would not be as easy to solve for the constants of integrations. 
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Equations similar to the three moment equations for continuous beam 
can be found by introducing appropriate boundary conditions in the 
elastic equations for the pipe shell. The proportion of the load 
carried by negative moments is however smaller on pipe shells and 
diaphragms supported on three or more supports than could be ex- 
pected from the three moment formula because the latter neglects 
the deformations due to shear forces.” 


Carrying out the mathematical operations for the determination 
of the constants of integration it is necessary to set the components 
of displacement v = w = o at all ring supports. It is impossible how- 
ever that this condition can be satisfied in the adjoining shell of the 
pipe which must be deformed under load. In the case of a pipe filled 
with water one can easily imagine that the heavy section of the 
stiffener ring will resist the deformation which the shell of the pipe 
naturally will show due to water pressure. The pipe will therefore 
show a sudden change in deformation near the ring girder which could 
not be expected without bending moments and therefore stress com- 
ponents normal to the pipe surface in a narrow zone near the supports, 
which will be treated in the following chapter. Such bending does 
occur on all ring stiffeners of a shell and is called “‘rim bending.” An 
increase in thickness at the junction to the supports has to be provided 
in the rim bending zone. 


d—Ezample: Pipe Shell with Cantilever Ends Supported on Ring 
Girders Filled with Water. 

The stress trajectories for a pipe 110’ long with a diameter of 
17’.6” and supported on two stiffener rings 60’ apart have been com- 
puted with equations (9) by introducing the border conditions as out- 
lined above and have been plotted in isometric view, Fig. 9a. The 
pipe has been considered as just being filled with water (h=R) for 
which the stress components are as follows: X = Y = O, Z = q 
(—h+Rcos¢) The equations for the membrane stresses in the canti- 
lever end have been obtained as follows: 


T. = q (AR — R?* cos $).. AEs BN EER, PIs 7 (10a) 
S=qR (l—z) sing..... RE) Fee Ae Saeco (10b) 
T, = q “ent? a Pere rere rae Pee es Ole oe ee be (10c) 


Introducing the moment of inertia of the cross section of the pipe 
shell as 7] = x tR* and considering the pipe shell as a cylindrical beam 
with the beam moments resulting from the weight of the water carried 
by the cylinder, formula (10c) for the longitudinal stress can be found 
by the ordinary beam theory.' It is surprising to see (Fig. 9b) that 
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the assumption of a straight line distribution of stresses which were 
found to be incorrect for deep plane beams is the exact solution for a 
pipe shell, supported statically determinate on ring girders. As a 
matter of fact the ring stress, longitudinal stresses and shear stresses 
could have been computed without knowing anything about the mem- 
brane theory, by simply using ordinary design methods such as 


Ring stress fe = ae Po = eet | Ree (11a) 
t 
Longitudinal stress fi inte a Se re (11b) 
t 


M—Beam moment 

y— Distance from neutral axis 

po—Water pressure at point in consideration 
The calculation of the unit shear stresses f, in the pipe shell can also 
be carried out by the commonly used shear formula for beams 


S ’M, , 2tR?si i : 

fe ek a et J ead hela 22 (lle) 
t 2tI 2t.at R® A 

V—Beam Shear 

My. = UR sindg........ Statical moment of the section of the 


shell above the horizontal fibre in consideration, about the neutral axis. 
A—Area of cross section of pipe shell. 

The trajectories as shown in Fig. 9a represent principal stresses 
acting over the whole structure of the pipe shell, in pounds per lineal 
inch of shell. They have been calculated from stresses found by 
integration of equations 6, but the reader could just as well calculate 
them from stresses found with equations 11. The method for obtain- 
ing the principal stresses for the trajectory plan from the stress com- 
ponents calculated by equations (11) can be found in almost any 
handbook on elasticity.® 

The broken trajectory lines represent tensile stresses and the full 
lines compressive stresses. Stress intensity is indicated by the width 
of the lines. To illustrate the action of the membrane stresses the 
pipe could be imagined as composed of a waterproof membrane, sus- 
pended by ropes (the broken lines) from the stiffening rings and 
stiffened by bar-ribs shaped to the solid lines representing the com- 
pressive stresses. All these imaginary ropes and bars would have to 
be exactly in the surface of the membrane in order to give the true 
equivalent of the state of stress. 

Similar stress patterns could be calculated for higher pressure 
heads. With increasing pressure heads it should be noted that the 
trajectories for tensile stresses (dotted) would develop more and more 
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into ring stresses to balance the increased pressure, while the other 
set of trajectories would have a similar tendency to straighten. The 
longitudinal stress components 7 as well as the shear components S 
will however remain constant during the increase in pressure head. 
Their function is merely to transfer the weight of the filled pipe from 
the span to the support. 


The forces acting on the stiffener ring are the resultant components 
of the principal stresses in the connecting pipe shell. Since the prin- 
cipal stresses act along the membrane of the pipe these resulting forces 
act tangential to the surface of the pipe at this location, as can be 
judged from the stress trajectories. Fig. 9c represents a section through 
the stiffener ring and indicates direction and intensity of these resultant 
forces. In intensity these forces are entirely dependent on the size 
of the shear components S in the adjoining shell and for this reason 
they are independent of the pressure head. The dimensions of the 
stiffener rings must be determined by a method similar to the design 
of arch bridges." 


In order to illustrate the stress action over a shell structure, the 
deflection and deformation of the pipe elements have been plotted in 
Fig. 10a from calculations based on equations (8) and (9). In examin- 
ing the exaggerated shape of this figure one can easily understand how 
the membrane of a shell although without bending resistance will be 
able to carry great loads by merely tensile and compressive forces 
acting along the material of the membrane. This figure also indicates 
a discontinuity in the deformation near the supports, where the 
heavy stiffener rings do not permit a free adjustment of the strains 
resulting from the membrane stresses. It is therefore apparent that 
some longitudinal bending moment will occur in a zone adjacent to 
the stiffener rings, which is called ‘rim bending.” It will always be 
necessary to reinforce the shell in this ‘‘rim zone”’ to resist the flexural 
stresses. 


For comparison with results obtained by the ordinary beam theory, 
the deflection of a beam of equal stiffness under the same conditions 
of support has been plotted in Fig. 106 using the same exaggerated 
scale. The deflection of the center span of a beam with a section 
modulus equal to a concrete pipe of 6” wall thickness would be about 
.015” using the ordinary beam theory. The deflection of the shell, 
according to the membrane theory, will be about .06”. The principal 
reason the beam theory gives results only one quarter of the amount 
indicated by the membrane theory is that no deformation due to 
shear is considered in the former. 
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The computed maximum deflection by the membrane theory, how- 
ever, amounts to only 1/100 of the thickness of the concrete shell. 
On shell roof structures less severely loaded than this pipe structure, 
the maximum deflection of the membrane amounts to about 1/300 
of its thickness. Such small deflections will produce eccentricities 
for the membrane forces, but the resulting moments will be so small 
that they can be neglected for any practical purpose of design. 
e—Load Components and Conclusion 

It has been stated that all loads continuously distributed over the 
surface of the pipe will produce membrane stresses which can be 
calculated with the differential equations (9). The adjective “con- 
tinuous” does not mean that they are constant over the surface 
of the pipe but that no abrupt changes in distribution of the load will 
take place. 

A harmonic distribution of the load such as expressed by Fourier 
series can be used to great advantage in the membrane equations to 
simplify the mathematical procedure of integrating, such as 

> 


. ‘ x I 
td peemphaneh = ete. where \ =naw—....... + ae hc 


and the letters m and n indicate the term of the series. 
The first series cos m@ expresses the kind of load distribution around 
° ° > o 
the circle of the cylinder and the second series cos \ R expresses the 
2 
i 
distribution of the load along the generators of the cylinder. It will 
be possible to approximate most any distribution of loads by means of 
combinations of such Fourier’s series. !7 
Load components commonly used for the design of shell structures 
are: 


Dead Load of Shell g. g in lbs. per sq. ft. of shell 
X =0 Y =g sing Z=qcos¢ 
hence JT, = —gRcos¢ 

Uniform Live Load p. p in lbs. per sq. ft. of horizontal area 
X=0 Y = psingcos¢ Z = pcos’ 
hence JT. = — pRceos’?¢ 

Hydrostatic Load q.h. q being the weight of liquid in lbs. per cu. 

ft.; h being the pressure head measured from center line of pipe. 

X=Y=-0 Z=q(-h+ Roos $) 


hence TJ. = q (hR — R? cos o) 
In the case of statically determinate supports, the longitudinal 
stresses 7’, = t.f; and the shear stress S = tf, can be determined for 
dead and water load from equations (11b) and llc). For statically 
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indeterminate supports an exact solution of the differential equations 
(9) is essential. ** 

Poisson’s ratio which has been introduced in the elastic equation is 
about 14 for steel and Yé for concrete. On concrete structures, 
Poisson’s ratio has little influence in the calculation of deformations 
and stresses and can therefore be neglected. 

I]-B—FLEXURAL CONDITION OF THE SHELL 

Chapter Ila has been developed on the assumption of membrane 
stresses T,, JT: and S only. But even on the pipe shell it has been 
found that there must be a certain bending stress at the rim zone.! 
Further it must be expected that in using only a sector of a pipe shell 
such as is customary in shell roof design, there might be a bending 
stress normal to the shell at least near the edges of the sector. It is 
therefore necessary to assume further stress components as follows, 
as shown in Fig. 11. 

N, and Nz components normal to the shell surface 

M, and M, bending moments normal to the surface 

M, Torsional moments acting along the edges of the element. 


For the “membrane condition” it has been assumed that the shell 
structure consists of a comparatively thin skin stretched between 
(ring) girders. Any stress component lying outside of this membrane 
such as the above-mentioned components would cause large deform- 
ation. Conversely, the pipe skin would have considerable resistance 
to any forces located therein, such as the membrane stresses 7), 
Ts and S. 

According to the principle of least work, any stress component 
resulting from a series of forces will be such as to cause the strain 
energy to be a minimum. Therefore, if any small element of the 
pipe shell can be kept in equilibrium by the use of the “membrane 
forces” only, which produce very small deformations, it follows that 
the forces normal to the element must be small, with the exception 
of parts of the structures where equilibrium cannot be obtained in 
any other way. 

The pipe shell is a structure in which, with the exception of the rim 
zone, equilibrium can be obtained with membrane stresses only, for 
such loads as dead load, uniform live load, liquid load, wind load, and 
the like. Sectors of the pipe shell, however, or combinations of 
cylindrical sectors, with beams or diaphragms such as used in the 
design of Z. D. roofs, must undoubtedly have a stress distribution 
with normal components on account of the discontinuity along the 
edges. 
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Fic. 11-18 (SEE PAGE 668)— 


Fig. 11—Components of stresses on element (a) flexural stresses; (b) membrane 
stresses, load components. 

Fig. 12—Harmonic distribution of load components 

Fig. 13—Diagram showing distribution of a load (according to Fig. 12b)—Indicating 
proportions carried by moments M,; and M2 and proportion of membrane 
action 

Fig. 14—Membrane system for Z-D barrel shell roof, trajectories for shell load— 
Dotted lines represent tension—solid lines represent compression 

Fig. 15—Basic structural members forming a Z-D barrel shell roof 

Fig. 16—Stresses and displacements at edge due to membrane condition 

Fig. 17—Stresses and displacements at edge due to statical indeterminates X 

Fig. 18—Gap due to stresses from membrane condition 7” and S™ along the 
imaginary cut between shell and edgemember 


The solution for the bending condition in a cylindrical shell is 
extremely difficult. An exact solution for the distribution of moments 
and “membrane forces” in the pipe shell for any kind of loading and 
any degree of stiffness of the shell was first presented by Dr. Dischinger 
in 1935, *7 

Dr. Dischinger calculated the proportions of a harmonically dis- 
tributed load ( see equation 12) on a pipe shell, which are carried 

1—by membrane forces 

2a—by moments M, along the direction x of the generators 

2b—by moments Mz, normal to the direction x of the generators 
Similar to the case of a two-way slab, it is necessary to find the pro- 
portion between the moments spreading in two directions. For a 
load distributed over the cylinder rings in a single harmonic wave 
Z=Z, cos ¢ which is similar to the distribution of dead loads (Fig. 12a) 
Dr. Dischinger found that no ring bending Me is introduced. The 
bending along the longitudinal axis, M,, is small if the distance between 
the ring girders (or in the case of the Z.D. roof between the end frames) 
is large in comparison with the radius of the shell. This moment was 
referred to as “rim bending’? moment in chapter Ila and only acts in 
a narrow zone where the shell is restrained into the ring girders. 


A load distribution over the cylinder rings, harmonic of the third 
order, such as shown in Fig. 126, is useful in consideration of the stress 
condition in a Z.D. barrel roof. The stress distribution of such a load 
over the cylinder shell is demonstrated in the diagram (Fig. 13). In 
this diagram the dimensions of the shell are described as follows: 


> 


1—the proportion 4 R—radius of the shell 


L—distance between ring stiffeners 


I po 
AR? 12R? 


2—the stiffness factor of the shell k 
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A—the average area of the membrane per unit width 
I—the average moment of Inertia of the membrane per unit 
width for an isotropic shell, hemogeneous in both direc- 
tions, on which the calculation of the diagram was based. 
For reinforced concrete shell structures k will generally be inside 
the values k = 10% to k = 10%. After establishing the factor k one 


, a ae , 
enters the diagram with the proposition—. Following a vertical line 


one can immediately read the proportions of the total load which will 
be carried by longitudinal and by transverse bending, similar to two- 
way slab action. 

For example, the shell structure illustrated in Fig. 33 has a stiffness 
factor k = 5 + 10° and the ratio of radius to span is = .29. It can 

o 
be seen that about 8 per cent of the load is carried by transverse 
(ring) moments M, and less than 1 per cent by longitudinal bending 
moments M,;. The remaining 91 per cent of the load is carried by 
direct ‘“‘membrane” stresses to the supports (chapter IIA.) 

It should be noted that with increasing stiffness of the membrane 
the amount of load carried by bending is increasing. For a load 
distribution of higher harmonic order, that is, with a greater number of 
nodes in the periodic intensity of the load (Fig. 12), the amount 
carried by transverse ring bending will also increase. This can easily 
be understood because loads changing with high frequency around 
the cross section of the shell must first be evenly distributed by 
bending before they can be carried away by membrane forces. 

The curves show very effectively that rim bending on shell structures 
of conventional dimensions carries a very small portion of the total 
load. In general, the effective width of the shell supported directly 
by longitudinal moments M, (cantilever action) on the ring girders 
or end frames, is of the order b, = V¥Rt. Usually rim bending is of 
small importance for the general design. Much has been written in 
the literature about such rim bending. '* It is very similar to the 
restraining condition at the base of a spherical shell and will be referred 
to later under that heading. 

The ring bending moments, however, play a larger part in the stress 
distribution than the rim moments. They can become of considerable 
size, especially when only a sector of a cylindrical shell is used, whose 
edges are restrained in edge members. 

The structures to be dealt with in the next chapter possess such 
properties and it will be shown how Finsterwalder developed the 
theory of the Z.D. barrel shell roofs. * 
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III—Z.D. BARREL SHELL ROOFS 
The great carrying capacity of a pipe shell compared to the amount 
of material in the structure is surprising and is due to the small moments 
in the membrane. It is also possible to build a roof structure from 
sectors of cylindrical shells, stiffened with end frames at the supports, 
similar to the ring girders of the pipe shell. Cycloid shells with mono- 
lithic tension chords at the edges were first used for such roofs © but 
most recent structures have been built as combinations of circular 
or elliptical shells with edge members. 
Two main types of Z.D. barrels roof are in use— 


1—The longitudinal barrel roof is a structure in which the ground area 
is covered by a single sector cut from a continuous circular or elliptical 
pipe supported on ring girders, usually referred to as “arch ribs.” 
The discontinuity of the shell sector at each longitudinal horizontal 
edge is taken care of by comparatively small “edge members’’. The 
distance between arch ribs in general is small in comparison to their 
span and radius. 

2—The cross barrel roof consists of a series of sectors cut from a pipe 
shell, arranged in parallel formation, adjacent shells being joined 
along a common generator line. The sectors cut from the ring stiffener 
of the pipe will be called ‘‘end frames” and since they become thin 
and high members they are also called diaphragms. The “edge mem- 
bers” along the longitudinal horizontal edges of the shell frequently 
are of greater vertical stiffness in relation to the width of the shell 
sectors than the ones on longitudinal barrels. 


Il I]-A—rTHMEORY OF Z.D. BARREL ROOFS 

Basically a Z.D. barrel roof is a single or double curved shell whose 
free edges are properly stiffened to bring about the three dimensional 
action in space. 

In order to find the stresses at the connection between the longi- 
tudinal edge member and the shell, imagine the structure cut along 
the connecting edge, according to the usual procedure in the design 
of statically indeterminate structures (Fig. 16). Apply dead and live 
loads on both detached parts of the structure, and determine the 
relative displacements for both sides of the cut (Fig. 16). Finally 
since no relative displacement actually exists along the plane of the 
cut, apply a series of edge forces in pairs of equal magnitude and 
opposite direction along the cut, to make the relative displacement 
zero (Fig. 17). 

The edge members are comparatively shallow members in compari- 
son with their span, about one twentieth, and the ordinary beam- 
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formulas based on a straight line distribution of stresses will give 
satisfactory results for the investigation of the elastic condition in 
these members. 


a—Membrane Condition 


An exact analysis of the elastic behavior of the detached shell sector 
due to dead and live load would be difficult. It is therefore customary 
in the design of shell structure to consider first a stress distribution 
which would occur on the full cylinder shell, such as has been called 
the ‘Membrane Condition” in Chapter IIa. In other words, an equiva- 
lent load condition on a pipe shell with ring girders is assumed and the 
forces 7,", T2™ and S™ are determined that would have to exist at 
the edge of the sector, cut from the pipe, in order to create such an 
imaginary ‘‘membrane”’ stress condition in the sector. Fig. 14 shows 
the shell sector assumed as a continuous part of a pipe. The magni- 
tude and direction of the principal dead load stress trajectories are 
shown. The reader may compare at this time Fig. 14 and 22a to see 
how different the stress distribution will actually be, due to the dis- 
continuity at the edges. 

The displacements um vm and wm, are found which the edge gener- 
ator on the full pipe would describe before the sector has been detached. 
These displacements can be obtained from the basic formulas given 
for the membrane stress deflections u, v, w (equations 8a to 8c). 

This paper is chiefly intended to demonstrate the basic principles 
underlying the design of shell structures so the full mathematical 
procedure is not given, however it is completely presented by Schorer.? 

The angular rotation of the transverse tangent @ at the connection 
of the shell edge member is negligible in the case of membrane stresses. 
Therefore 6, = 0. For the purpose of simplifying the calculation 
it is also advisable to use the increment of shear = instead of the 

x 
total shear force S. Ring or transverse bending in the membrane 
system for dead and live load does not exist, therefore M.™ = 0 
and N2™ = 0. 

In order to simplify the integration of the complicated differential 
equations on the flexure of shells, it has been found useful to express 
all load components X,Y,Z in the form of Fourier’s series (indicated 
in “IIA, part e.””) For example, 


X =0 Y =gsingop Z=qcoso¢p 
where p = p(x) = = (cos—— lg cos and + \% cos —....) = 1 (14) 
7 L L L 


p(x)—the sum of a trigonometric series 
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L—the span of the edge member 

z—a horizontal distance measured from the center of the span 

A review of the harmonic distribution of load components as shown in 
Fig. 12 as well as Fig. 2 in Schorer’s paper? will illustrate that such a 
summation of harmonic distributed load components, from lower to 
higher order would make the factor p(x) = 1. It can be noted that the 
distribution in Fig. 12a along the circles of the cylinder and harmonic 
of the first order corresponds with the first member of the series, e. g. 
(14) which describes a harmonic distribution of the first order along 
the generators for¢=const. The distribution figure (126) will similarly 
correspond with the positive value of the second member of the series 
and a harmonic distributed load of the fifth order will correspond 
with the third member of the series. It is recommended to compare 
Mr. Schorer’s paper? in this connection. 


The designer is able to work with the first member of this series 
only and to correct the results for the influence of the second or third 
member from experiences on other calculations. 


Formulas for stresses and deflection with the introduction of 
Fourier’s series into the membrane system of the cylindrical shell 
sector are given in Mr. Schorer’s paper*. Attention must be called 
to the fact that in Mr. Schorer’s paper, as well as in this chapter, 
where dealing with Line Loads (b and c) the symbol @ denotes the 
angular distance from the edge of discontinuity. 


b—The Statically Indeterminate Line Loads 


If we could economically provide an edge member of such dimensions 
that when subjected to the membrane edge forces 7", T.™ and S™ 
it would show displacements exactly equal to the displacements of 
the edge of the shell, then the problem would be solved. The edge 
member would be of the same stiffness as the lower pipe sector, which 
with the sector used for the roof constitutes a complete pipe. In other 
words the edge member would be stiff enough to take the full mem- 
brane ring stresses 7.” and membrane shears S” along the line of 
the cut. This however would be uneconomical as it would require 
a very stiff edge member. 


In general edge members are much weaker than the removed lower 
sector of the pipe, therefore forces different from the assumed 7”, 
T.™, and M.™ = N.™ = 0 will exist. In order to obtain the true 
stresses at the connection of shell and edge member it is necessary 
to introduce the statical indeterminates X,, X2, X; and X, represent- 
ing the corrective stress components required to close the imaginary 
gap between one edge member and the shell sector, which would open 
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up because the first assumed ‘‘membrane stress’”’ distribution does 
not describe the final state of stresses (Fig. 17). In case of perfect 
symmetry of the shell with equal edge members at both sides and with 
symmetrical loads, it is apparent that the statical indeterminate X, to 
X, will be the same for the two edge members left and right. In the 
case of great distance between the edge members, e. g., on barrels 
with large angular openings and comparatively narrow spacing of 
arch ribs it can be assumed that the stress disturbances at one edge 
member will not influence the stresses at the other. In such cases the 
problem can be solved with the four unknown stress components 
X, to X, for one member only. (See ‘‘I11J]-B—Longitudinal Barrels’’) 


In most cross barrel designs however the shell sector is long and 
narrow and it is easy to understand that the edge disturbances created 
at the two edge members will overlap. It will be necessary to assume 
a set of statical indeterminates X,' to X,! for the left edge member 
and another set X,” to X,’ for the right edge member, thus obtaining 
the problem of an eight times statically indeterminate structure. 


Fortunately in all barrel shell structures the discontinuity of the 
shell at the end frames creates stresses of local character only, which 
act in a narrow rim zone. Thus the longitudinal bending moments 
M, and the corresponding stress components N, do not influence the 
stresses over the entire shell and Finsterwalder has proven with strain 
measurements on actual structures that stresses due to longitudinal 
bending and consequently also the torsional moments M, can be 
neglected in setting up the equations for the stress distribution over 
the shell. If this were not true it would be necessary to assume four 
more statical indeterminates for the connection to each end frame, 
which would make the problem sixteen times statically indeterminate. 
Dr. Dischinger has solved the problem, considering the discontinuity 
at all four edges. '7 


For the determination of the four unknowns X, to X, at each point 
along the line of the edge connection, there are four equations for the 
displacements. It will be seen that in using cosine functions, such as 
Fourier’s series, to determine the statical indeterminates, similar 
cosine functions will be obtained also for the displacements v and w 
along the edges. The imaginary gap between the edge members and 
shell will therefore be closed throughout the length of the edge by the 
forces X, to X, even though closure at the center of the span only is 
considered. 


By applying the following line loads on the shell along the left edge 
member, the stresses and displacements in the shell may be calculated: 
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xX; = (°) = p(x) = 1 to determine K,'...........(15a) 
Ox 

X3' = (T:) = p(z) = 1 to determine K.!...... ..(15b) 

X:' = (N:) = p(x) = 1 to determine K,!....... ...(15¢e) 

X/ = (M3) = p(z) = 1 to determine K,...........(15d) 


With similar line loads X,’ to X,’ at the right edge member the dis- 
tribution of stresses and displacements K,’ to K,’ over the entire 
shell can be determined for the statical indeterminates at the right 
edge. Once the exact values of X,' to X,/ and X," to X,’ which close 
the gaps at the two imaginary cuts are known, the exact forces or 
displacements created by the discontinuity at the edges can be des- 
cribed with a set of formulas of the following type: 

K,=X/KJ4+NXJKS4+X/K/ 4+ X¢K24+ Xy Ky + Xo’ Ko’ + X53" Ks + 
XK = TX, K,..... amy (16) 


It is therefore necessary, first, to find the udiealeade of forces X 
necessary to close the gap walk second, to find the distribution AK of 
stresses and displacements on the shell due to the forces X. 
c—Flexural Condition for the Line Load 

Finsterwalder has shown that with the simplifying assumption 
M, = N, = M, = O and using Fourier’s series for the line load com- 
ponents, four equations of equilibrium and one compatibility equation 
can be obtained for the remaining five stress components 7';, T'2, S,M2 
and Ne. Thus it is possible to arrive at expressions for these stress 
components similar to Airy’s stress function for the plane diaphragm 
(Chapter 1.) 

In the following, Poisson’s ratio has been neglected which is per- 
missible for concrete structures. 

The bending stress component Mz is defined by the introduction 
of a stress function f(¢) similarly to Airy’s stress function, with: 

Ms = — cos a oe 
F 

and the equilibrium condition can be written by considering the 
balance of forces in Fig. 11 as follows: 


(1) Rotation in the transverse plane: 


2) o >» 
nen Ms : DF nog tt elie sg Na a ee 
Rad R do L 
(2) ease on the direction of the radius: 
ta an bo oe (19) 


0b R dd? L F 
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(3) Projection on a tangent to the circle of the cylin- 
drical shell: 


oS Ne 1 OT, lfjdf . df cr 
—— eee = |] — + — 5 cO8—........ . (20) 
Ox R R 0a¢ R?\do = d@ y 

Integrating Eq. 20 
S=- a (x + #f) ~ ei taste Me 

R®c \do d¢*® L 

(4) Projection on the generators of the shell 
OT, 1 os L (2 7) . C2 _ 
Si ae ee = Of YF CS in (22) 
Ox R 0d¢ R®c \d¢* d¢* I 


Integrating Eq. 22 


2 2 4 cr 
T; = i (2 +f) cCOs- = : a . . (23) 
Rc? \dde? = dd L 


The components of displacement u, v, w, resulting from the line loads 
can be obtained by introducing the above equations of equilibrium 
(18) to (23) into the equations (7) which have been developed in 
section II A b) as follows: 


3 j2 4  - 
Btu = -#(& EE See eee (24) 
R®c8 \dg? = d¢* L 


2 3 4 3 (d® cr 
Etv = 94 (“,4) —_ L (4 of. 1) | cOs- ~ eb) 
R*e? \do dd? Rict \ dg? dg? L 


2 2 ? 4 4 fds 6 o- 
Etw = | -%2 + 2 i (22 + ‘S ) _ = (4 + 4) cos-— (26) 
d¢* R?c? \d¢? dq‘ Rtc* \d¢o* = do® L 


For the flexural condition it is further necessary to consider the 
angular deflection 6 of the transverse tangent. This angular deflection 
can be defined from Fig. 8b and Eqs. 25 and 26 as 


) 3 vA Pe ( i ha 5 
EtR@ = na +v = | - as Ae 21. (24 ofS 4 “1 ) 


ap de® R%e\dd de dg? 


4 3 5 7 . 
_ z (242%, wt) cos— ~ (27) 
R*c* \d¢' dg dd’ L 


and the change of transverse curvature xe can be written similar to 
the procedure used for the deflection of curved beams in ordinary beam 
formulas as: 


] ( Ov =) M> 12M. 
Ke = * =- 2 —— = — -« : (28) 
R? \ deb Og El i 
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The compatibility equation will be obtained from equation 28 to 
indicate the change of curvature which has been developed from the 
equation for the components of displacements v and w. The condition 
for a continuous surface of the strained shell is expressed by the com- 
patibility equation, or, in other words the equation indicates that 
the distorted elements will all fit together in the direction of the 
circles. Free movement in the longitudinal direction can be assumed 
for practical purposes, since the arch ribs are relatively flexible to 
forces normal to their planes. To obtain the compatibility equation, 
M; from Eq. 17 and w from Eq. 26 are substituted into Eq. (28) 
giving the differential equation of the stress function 


8 6 4 2 
dF 4901 —a =z +(1— 4a-+a2) tt +(—2a+ at) FL 4. ta*b?f =0. . (29) 
d¢é dg® d@* d¢? 
ce ?? <a R ‘ 
where a= Te and ee, ee ee 
2 


The general solution for Eq. 29 is a sum of two damped waves and is 
discussed at length by Schorer®. The value of the stress function 
calculated from this equation can be substituted into the equations 
for stress components and displacements (Eqs. 17 to 26) to obtain 
their distribution ‘‘K’’ necessary to solve for the statically indeter- 
minate line loads. Since the stress function represents a sum of 
damped waves, it can easily be understood that the corrective stress 
components derived with the use of Eqs. 17, 18, 19, 21 and 23 will 
also represent similar damped waves. This can actually be seen in 
the practical demonstration of the stress components as shown in the 
next chapter. 


Finsterwalder, in his original paper,” as well as Schorer in his 
paper on line loads, actually do not solve the complicated Eq. 29 for 
the stress function. Both make simplifying assumptions, which are 
frequently necessary to arrive at a workable understanding of physical 
problems. 


Taking advantage of the fact that on thin shells the damping factors 
are comparatively large and that on such damped waves the lower 
derivatives are smaller than each successive derivative, Finsterwalder 
solves for a simpler stress function as follows: 

Sek 


2a — @& 
dg’ d¢® dd 


d*f 


+ 4a*b'?f = 0 -.+- (31) 


Schorer goes farther and shows that for shells in which the ratio of 
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— ° , 
span to radius R S x the stress function can reasonably be written 
? 


as follows: 

d®f 

de’ 

Such simplifications do not mean that the formulas will become 

unsafe. They involve a much higher degree of accuracy than the 
ordinary methods used in beam design. 


+ 4a°b*f = 0 PF ee ee . . .(32) 


I1I-B—LONGITUDINAL BARRELS 


The developed length of the shell of longitudinal barrels is much 
greater than the distance between arch ribs. One can therefore easily 
understand that the transverse moments Mz, will not be carried over 
the shell from one edge member to the other. This is the same con- 
dition as on a two-way slab restrained at four edges where the length 
of one span greatly exceeds the other. The moments in the longer 
direction of such a slab would be practically zero at the center of the 
span and mainly cantilever moment would be developed at the 
shorter restrained edges, dying out to nothing in the form of a damped 
wave. This is exactly what is happening with the transverse moments 
developed at the edges of a barrel shell as illustrated in Fig. 19f. 


Fig. 19 shows the stress condition on the roof shell at the Hershey 
Sports Arena in Hershey, Pa., which is a typical example of a longi- 
tudinal barrel. For dimensions of this structure see Chapter Va, 
Practical Applications. The calculations for this shell have been 
carried out with the theory of line loads for one edge only, since the 
line loads at the left edge member do not induce any stresses at the 
other (right) edge and vice-versa, as can be seen on all stress diagrams. 


The first step in the design was the calculation of the membrane 
condition of the shell for a circular pipe, having a diameter of 264 feet. 
The trajectories for this membrane case are plotted in Fig. 19a, and 
the intensity of stresses for the membrane condition of the circular 
shell is shown on the accompanying stress diagrams. 


As discussed before, edge disturbances will be created due to detach- 
ing the shell sector from the pipe cylinder and the stress distribution 
shown in Fig. 19a will have to be adjusted. The compressive ring 
stresses 7’. at the longitudinal edge will have to be reduced in such a 
degree that the small horizontal edge member will be able to resist 
them. The adjusted stress distribution has been calculated with 
the foregoing theory and is shown in Fig. 19). 
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The trajectories in the vicinity of the edge member show a striking 
resemblance to the lines of principal stresses for a diaphragm with 
load applied on the top edge such as has been illustrated in Fig. 6a. 
As a matter of fact, the lower part of the shell acts exactly like such a 
diaphragm wall, carrying the membrane ring stresses 7’. which cannot 
be taken by the edge member alone. It has been demonstrated that 
thin diaphragms show great resistance to stresses in their own plane 
and it is known that the membrane stresses follow the curved surface 
of the shell. It is therefore not surprising to see in Fig. 19b how easily 
the membrane itself can take care of the discontinuity. The thrust 
T: (Fig. 19c) is reduced before it reaches the lower edge and is carried 
to the stiffening ribs by suspension action (dotted trajectory lines 
Fig. 19b) and by inclinined arching action (full trajectory lines) 
In other words, the ring stresses of the pipe shell are carried to the 
arch ribs by a new set of longitudinal forces T;, and shear forces S 
instead of going directly down to the edge member. Compare Fig. 
19¢ with 19d and 19e. 


Edge members are so weak on many shell structures that they are 
not even able to carry their own dead load, so the adjoining shell has 
to carry them by diaphragm action. The edge member acts merely 
as the tension chord on a truss, stiffening at the same time the edge 
of the thin shell. Actually the shell in Fig. 19 has to carry part of 
the weight of the edge member, as can be noted in Fig. 19¢ which 
indicates that the ring stresses T, change sign from a compressive 
thrust to tension at the connection with the edge member. 


The diaphragm action extends only over the lower part of the shell. 
In the example illustrated the acting diaphragm is about 25 feet high, 
which is 20 per cent of the developed distance up to the crown of the 
arch or two-thirds of the span. This ratio of span to acting height is 
exactly according to the discussion on the lever arm of interior forces 
in diaphragms, at the end of Chapter I. 


The longitudinal stresses 7, change rapidly in intensity over the 
acting height of the diaphragm as may be seen in Fig. 19d and from 
the corresponding shear distribution S in Fig. 19e. Since the diaphragm 
action does not take place in a plane but in a curved surface, there 
will be some bending normal to the plane of the shell, necessary to 
hold these longitudinal stresses in equilibrium. A simple illustration 
of this bending action can be obtained by comparison with the con- 
dition of a loaded plate girder with a twisted web plate. It is evident 
that a certain transverse bending must occur in such a web plate, and 
likewise that the flexure normal to the surface of a shell will be in 
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proportion to the increase in longitudinal stress due to the edge dis- 
turbance. For instance, the transverse bending will be very high if 
the final longitudinal stresses near the edge are about twenty times 
larger than the stresses of the membrane condition for the circular 
shell. However, if a differently curved shell surface can be found on 
which the longitudinal stresses for the membrane condition do not 
deviate much from the final condition of edge disturbances, then the 
transverse flexure will be less. Such a condition can be brought about 
by making the shell elliptical near the edges. 


It should be noted that in a broader sense the word ‘‘membrane 
condition” describes the condition on any curved shell on which 
equilibrium can be maintained on the infinite surface according to 
the basic equation for equilibrium (6) for the cylinder shell. 


The stresses for the membrane condition of an elliptical shell are 
indicated by dotted lines in the stress diagrams of Fig. 19. It can be 
seen from these diagrams that the final stress condition (shaded areas) 
is very similar to the membrane condition for the elliptical shell but 
greatly different from the stresses for the membrane condition of the 
circular pipe. Transverse bending can be greatly reduced by using 
the elliptical shell. This fact has long been known by the makers of 
glassware who increase the strength of a bowl by using a sharper radius 
at the rim, also in the sheet metal industry. 


The stress action on a longitudinal barrel roof in the upper region 
is exactly similar to the action of a continuous pipe shell (See diagrams 
19c, d and e). The lower part of the shell, however, acts like a dia- 
phragm to carry the upper part. Transverse bending moments and 
transverse shears are induced in this lower zone to balance the forces 
in the curved diaphragm and in the edge member. Making the shell 
elliptical will ease the distribution of these forces. 


II I]-C—cross BARRELS 


As mentioned previously, cross barrels are rather long and narrow 
in comparison to their span, and the action of the statically indeter- 
minate line loads coming from the two longitudinal edges will overlap. 
Transverse flexure must therefore be expected over the whole shell 
surface and eight statical indeterminates must be solved. 


For simplification in calculating the line loads X' and X’ on the 
shell sector, it will be useful to introduce the conception of symmetrical 
and contra-symmetrical line loads. A symmetrical line load is a pair 
of loads X' and X” of equal intensity and equal direction left and 
right (Fig. 20). A contra-svmmetrical line load is a pair of loads X! 
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Fic. 21—STRESSES IN A TEE BEAM 


Fic. 22 (A)—TRAJECTORIES ON CROSS BARREL ROOF; (B) RING STRESSES 

T:; (Cc) LONGITUDINAL STRESSES 7’; (AT CENTER OF SPAN); (D) SHEARING 

STRESSES S (ALONG END FRAME); (E) TRANSVERSE MOMENTS Mz, IN 

FOOT POUNDS PER LINEAL FOOT RESULTING FROM EDGE DISTURBANCES; 

(F) LONGITUDINAL STRESSES IN EXTERIOR BARRELS; (G) LONGITUDINAL 
STRESSES IN INTERIOR BARRELS 


Fig. 23 (A)—ISOMETRIC VIEW OF A Z-D BUTTERFLY ROOF 
Fic. 24—STRESS DIAGRAMS FOR A BUTTERFLY ROOF 


(a)—Longitudinal stresses 7 (center of span); (b)—ring stresses T,; (c)—shearing 
stresses S; 
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and X’ of equal intensity but of opposite direction left and right 
(Fig. 20.). It is possible to express any loads X‘ at the left edge and 
X’ at the right edge by a sum of such symmetrical and contra-symmet- 
rical load pairs. Formulas and influence values have been prepared 
for such load pairs which greatly facilitate the determination of the 
actions produced by such line loads.?* 


The trajectories for the membrane condition, which have been 
illustrated in Fig. 14, are entirely changed on the cross barrels of 
Fig. 22, due to the great influence of the statically indeterminate 
line loads on every part of the shell. The deviation from the mem- 
brane condition can also be noted in the stress diagrams, Fig. 22b,c,d, 
where it is particularly ‘noticeable with longitudinal and shearing 
stresses, since the lever arm of the interior longitudinal forces is greatly 
reduced in comparison with the pipe illustrated in Fig. 14. The 
membrane action which could be observed in longitudinal barrels in 
the upper region of the shell is also not as clearly defined on account 
of the comparatively small depth of the structure. 

Observing the stress trajectories in Fig. 22a one can easily grasp 
the dome action over three dimensions in such shells. The longi- 
tudinal arching forces are about ten times greater than the transverse 
arching stresses. The transverse arching forces change from com- 
pression to tension in the valleys, particularly at both ends. A great 
part of the shell load is thus transferred to the end frames by diagonal 
tension in the corners. One can also imagine with Fig. 22a that the 
longitudinal arching forces are caught by the diagonal tension forces 
and carried up to the diaphragms. It can be well understood that 
the edgemembers will carry much less load than would be expected 
if only two dimensional arch and girder action were considered. 


It is not the edge member alone that carries the loads from the shell 
but the monolithic combination of edge member and shell which 
possesses a much greater stiffness. This monolithic combination is 
similar to the Tee beam action, where slab and beam act together. 
A cross barrel roof is therefore related to a slab and beam construction 
as indicated in Fig. 21. This comparison is amplified by the distri- 
bution of longitudinal stresses over barrel and edgemembers, shown 
in Figs. 22f and g. 

From the basic stress components indicated in Fig. 21, it is evident 
that Tee beam action is brought about by shear forces S in the slab. 
The acting width of the slab will therefore depend on the resistance to 
shear deformations in the slab, a condition which is taken care of in 
code rulings, limiting the permissible width for a Tee beam. Such 
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limiting rules do not need to be applied to shell structures because 
the distributed load on the shell proper automatically contributes 
longitudinal compressive stresses for the Tee beam action, without 
taxing the shear resistance of the shell. Moreover, the theory of shells 
as outlined in this paper considers shear deformations and shear 
resistance in the basic stress equations, while the ordinary beam theory 
neglects them. 


The straight line distribution of longitudinal stresses usually assumed 
does not occur in the cross section through the barrel structure. In 
Figs. 22f and g the longitudinal stresses in top of the barrels are 
shown to be less than would be expected by the ordinary beam theory. 
This is of advantage for the design because a more economical dis- 
tribution of stresses over the depth of the structure is obtained, which 
loads the shell concrete more evenly in compression than in Tee 
beams where a peak value is reached very quickly in the top fiber. 
The lever arm of the interior forces, usually denoted ‘‘jd,’’ will how- 
ever be smaller for such a stress distribution than for the straight line 
distribution, similar to diaphragms. 


Transverse moments M, will occur over the whole area of the shell 
as illustrated in Fig. 22e. They will be larger at the junction with 
interior edge members where two shell sectors are restrained against 
each other. Exterior edgemembers being slender and long offer little 
torsional resistance in general and their restraining influence on the 
adjoining shell sector will be small as can be noted in the example. 


In conclusion it can be said that the great carrying capacity of 
cross barrel structures is based on the dome action of the cylindrical 
shell which carries a large part of the loads by direct stresses to the 
end frames. 


IIJ-D—BsBUTTERFLY ROOFS 


In general a butterfly roof is a combination of two inclined cylinder 
sectors, joined along their lowest generator and supported on end 
frames of the cantilever type. The upper edge of each shell is stiffened 
by comparatively small edge members. It is also possible to use only 
one shell sector alone supported on cantilever endframes, which is 
suitable for an overhanging marquise roof, e. g., for a loading platform 
cantilevered from a building. 


From the preceding chapters, the reader will easily understand the 
stress distribution in such a shell. Longitudinal arching will carry the 
shell load to the cantilever beams similar to the arching indicated by 
the trajectories in Fig. 22a. There is a difference, however, in that 
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there is very little or no arch thrust in the ring direction along the 
upper edge of the roof shell since the small edge member provided 
has very little transverse stiffness. Fig. 24b shows how the ring stresses 
T. decrease toward the edge member at the left. At the right side of 
this stress curve a change in the size of the ring stresses from com- 
pression to tension is indicated. The meaning of the occurrence of 
such transverse tension in the valley is that the shell sector at the 
right hangs on the left shell and vice-versa. Both shells partly brace 
each other, creating two longitudinal stress systems, one of which 
reduces the transverse ring arching 7’, at the top edge, and the other 
takes the transverse tension 7’: in the valleys. The action of both 
shells is that of longitudinal diaphragms similar to the diaphragm 
action at the bottom edge of longitudinal barrels. Fig. 24a represents 
the longitudinal stress distribution in the shell and shows how the two 
diaphragm actions overlap each other. The tension triangle at the 
left with part of the area in the center representing compression indi- 
cates the work of the longitudinal forces, (diaphragm action) which 
reduces the arch thrust 72 at the crown. The tension area at the 
right, together with a part of the center area representing compression, 
indicates the diaphragm action in the shell which reduces the trans- 
verse thrust 72 in the shell from compression to tension. 


The shear distribution S is a function of the change in the longi- 
tudinal forces, according to Eq. 6a. In the diagram of shearing 
forces Fig. 24c, it is evident that the left part indicates the diaphragm 
action in the upper zone, while the right part, below the line, represents 
the diaphragm action of the lower zone of the shell. Small transverse 
bending moments Mz, are also induced in the shell originating at the 
edges and extending over the whole area of the shell similar to the 
transverse moments on barrel roofs.” 


IlI-E—POLYGONAL DOMES WITH SHELLS OF SINGLE CURVATURE 


Cylindrical shell sectors can be used to great advantage in the con- 
struction of polygonal domes. A few possible combinations of such 
shell sectors are indicated in Fig. 25. Pyramidal domes with plane 
surfaces instead of curved shells would have similar projections in 
plan as shown in Fig. 25. They are merely the special case when the 
radius of the cylindrical shell sectors becomes infinite. Since all such 
dome shapes are obtained by intersection of Z.D. barrel shells, the 
basic formulas as indicated in the beginning of this chapter can be 
applied in the design. Dischinger has shown that for symmetrical 
loads no bending moments will be induced in the rib at the inter- 
section of adjacent shell sectors, called the “hip.” * All forces in the 
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Fic. 25-28 (Opposite) 


Fig. 25—Possible arrangements of cylindrical sectors for the construction of polygonal 
domes. 

Fig. 26—Typical reinforcement in a cylindrical shell sector forming one side of a 
polygonal dome. 

Fig. 27—-Possible arrangements of spherical shells. 

Fig. 28—(a) Components of forces on element of shell with double curvature; (b) 

Components of forces T, in direction Z; (c) isometric view of components of 

forces 7; in directions Y and Z. Forces 7; are located in a horizontal plane; 

(d) components of shears S, in direction X. 


shell sectors act in their mid-surfaces, and with the condition of sym- 
metry the resultant of the edge forces in two adjacent shells must 
therefore be tangential to the hips. These resultant forces must be of 
a certain magnitude in order to keep the thrust line in the center of 
the rib, otherwise bending moments would occur. Such a condition 
is achieved by additional horizontal (ring) forces in the dome, which 
will automatically appear according to the principle of least work 
because such (ring) stresses will produce less strain in the structure 
than the bending moments. The magnitude of these additional (ring) 
forces in the shell can be found by applying the methods of ordinary 
arch design in the calculation of the ribs. 

Polygonal domes can be supported on columns in the corners, mak- 
ing this type of construction suitable for large domes. Discontinuity 
stresses will occur along the bottom and top edges of the shell, similar 
to the stress distribution as demonstrated for longitudinal barrel 
roofs. Fig. 26 shows the layout of the reinforcing for a cylindrical 
shell sector of such a roof. The reinforcing, of course, has to be laid 
in the direction of the principal tensile trajectories and in comparing 
this figure with Fig. 19b, note the similarity between Z.D. polygonal 
domes and Z.D. longitudinal barrels. In either structure the mem- 
brane condition governs in the center part of the shell and the influence 
of the edge disturbances is dissipated a short distance from the edges. 
In accordance with the reasoning on longitudinal barrel roofs, it is 
advantageous to build polygonal domes with shells whose cross- 
section has the shape of an ellipse or cycloid, in order to improve edge 
conditions. 

Polygonal shells, unsymmetrical to the vertical center, can also be 
developed as indicated in Fig. 25d and e, but special investigation 
and precautions are necessary to check bending moments in the hips. 
It is possible, however, to develop the design e, for instance, from the 
symmetrical design c by considerations of analogy and the principle 
of equalization of weights, which will be discussed in Chapter IVe. 
Unsymmetrical loads, such as wind load, must also be treated by 
similar methods as outlined in Chapter IVd.4 
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1V—DOMES WITH SHELLS OF DOUBLE CURVATURE 


The most general shape of a shell is one with a curvature in two 
directions, such as a sphere, or ellipsoid. A few typical forms are 
suggested in Fig. 27, showing combinations of double curved shell 
sectors with cylindrical shells and plane diaphragms at the edges. 
Such forms are innumerable and offer the architect a diversity of 
shapes with unlimited possibilities in their application. ': '* 8, 


a—Equations of Equilibrium for the Membrane Condition 


Equations 6 for the equilibrium of forces on the pipe shell must be 
extended to take care of the second curvature, which can be easily 
accomplished by exchanging the coordinate zx in eq. 6 with the in- 
crement r.dy in Eq. 33. r, denotes the radius of a horizontal circle 
on the shell in which the element is located, and dy denotes the in- 
crement of the horizontal angle for the element as can be noted in 
Fig. 28a. The radius of vertical curvature, which has been denoted 
with FR on the pipe shell in Fig. 7a, will be called R; in Fig. 28a, to be 
distinguished from the new radius of curvature Re, which denotes 
the normal distance of the shell element from the vertical axis of 
rotation. 

An element of unit width ds; = R,dd = 1 and unit length ds. 
ray = 1 will be considered momentarily because the load components 
X, Y and Z are always given in relation to a unit area. The shear 
force components S, and Sp» will again be practically equal on account 
of the condition that the sum of all moments around the center of the 
element must be zero. For a clearer presentation of the force action, 
however, they have been kept separate. Each Eq. 33 must be extended 
by one more member in comparison with Eq. 6 because the forces 7; 
and S» are not parallel to each other, as in the case of a cylindrical 
shell, and will therefore result in components which must be added. 
Fig. 286 shows the component of the force T, which is included in hq. 
33c, similar to Fig. 7b. Fig. 28¢ shows the components of the 7, 
stresses in isometric view projected from their location in horizontal 
plane into directions Y and Z. The component in direction Z is 
included in Eq. 33c and the component in direction Y appears in Eq. 
33b. Fig. 28d shows the component of the shearing forces Se in hori- 
zontal direction included in equation 33a indicating equilibrium in 
direction X. The transformation of the expressions for the stress 
components as written in Figs. 28), c and d, will be understood, taking 
into consideration the Eqs. for ds; = 1 and ds, = 1 assumed at the 
beginning of this paragraph. The equations for equilibrium can 
therefore be written immediately from Fig. 28 as follows: 
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Eq. 33c can again be derived from the well known formula for pipes 
and pressure vessels, indicating that the load component Z normal 
to the shell surface must be taken entirely by two sets of ring stresses 
one in horizontal and the other in meridional direction. On the pipe 


ry’ 


only one ring met —exists because there is only one curvature. 


b—Spherical Shell Dome with Symmetrical Loading 


For shells symmetrical around their axis of rotation and with 
symmetrical loads such as dead load, snow or hydrostatic load in the 
case of a container, it can easily be seen that no membrane shears S, 
or S2 will be induced in the shell. The horizontal ring stresses 7, 
will be constant under such conditions for each ring. Since there are 
no shearing stresses, the stress components 7 and 7's will be the prin- 
cipal stresses, representing the direction of the stress trajectories, as 
illustrated in Fig. 29a for a spherical shell. 

Eq. 33a can be neglected under symmetrical conditions and the 
other two equations of equilibrium can be written after some mathe- 
matical transformations in the following way: 


Tl. =-—.- . x (34a) 
2rr.sin 

" " R» , ‘ 

ry fe ) (34b) 


where the letter W represents the sum of all vertical loads (total 
weights) above any latitude ¢. (Above the corresponding horizontal 
circle with the radius r,.) 

One can thus immediately calculate the meridional stresses Ty, 
for all latitudes, and using the values 7; in Eq. 34b the corresponding 
horizontal ring stresses are easily evaluated. The normal stress com- 
ponents Z can vary from top to bottom and only the value Z at the 
derived latitude for the stress component 7, must be considered in 
Eq. 34b. The stress diagrams in Figs. 29b and 29¢ were calculated in 
this manner for the vertical loads of the spherical shell of the Hayden 
Planetarium in New York, which has a radius of 80 ft. 6 in. 
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It is interesting to note that the horizontal ring stresses are com- 
pressive in the upper part of the shell and change into tension at a 
certain latitude, which for uniform dead load is always at @¢ = 51°50’. 
Provisions must be made along the bottom edge of spherical shells 
to absorb the meridional stress components at the border, and tension 
ring members are necessary to keep the horizontal component T. cos 
¢ in equilibrium all around the base. The tension force in the ring will 
therefore be 7’: cos ¢,R,, R, being the diameter of the base ring. This 
force will be zero for the shell shown in Fig. 29a with ¢, = 90°. 


c—Z.D. System of Tension Rings 


The unit stress in the tension ring at the base of a spherical dome 
must be higher than usually prevalent on the adjoining shell zone, 
in order to obtain an economical design for the ring. The difference 
in strains between shell and ring will be great and will induce high 
secondary stresses in the rim zone. Shell domes designed according 
to the Z.D. system are provided with such a vertical curvature along 
the angle ¢ that the ring stresses 7, will increase rapidly but con- 
tinuously without abrupt changes near the base. With a proper shap- 
ing of the shell one can thus produce a unit stress in the edge of the 
shell equal to the stress in the ring, and dangerous secondary stresses 
are eliminated by this method, which has been suggested by Dischinger.” 


d—Spherical Shells with Anti-Symmetrical Loading 


Wind pressure is the most important form of anti-symmetrical 
loading on spherical shells. Anti-symmetry has been introduced in 
the calculation of wind loads with the conception of a suction at the 
leeward side of equal intensity and similar direction as the pressure 
on the windward side. ® The distribution of the intensity of the wind 
pressure can therefore be expressed with Fourier’s series similar to the 
load components proposed in Chapter Ile for the cylindrical shell. 
A harmonic distribution of load components has also been illustrated 
in Figs. 12a and b. In the discussion of a harmonic distribution of 
wind loads of the first order, such as Z = Z, cos W we can come again 
to the conclusion that Navier’s assumption of a straight line distri- 
bution of stresses in a horizontal cross section is correct for the sphere 
as well as for the cylinder. The stresses in the shell can be calculated 
in each horizontal cross section by the usual beam theory, using the 
overturning moments of the wind forces above the section and the 
moment of inertia of the horizontal cross section of the shell, as shown 
in the Eqs. 11b and 11c in Chapter IT. 
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The stress trajectories for a spherical shell, shown in Fig. 30a and 
the stress diagrams, Figs. 30b and c, have been calculated with such 
simple formulas for a windload Z = Z, sin ¢ cos y. 


More difficult, however, are wind loads of a higher harmonic order. 
The assumption of a straight line distribution of stresses does not hold 
for such loads. A system of multiple neutral axes will be induced in 
the shell with stress distributions as shown in Fig. 30d.4 


e—Z.D. Principles of Equalization of Weights and of Analogy Between 
Shells of Related Shapes 

tt has been demonstrated in Sec. b of this chapter that the general 
Eqs. 33 for double curved shells can be reduced to rather simple 
formulas and that particularly the case of a spherical shell for which 
R, = R: are constant does not offer any difficulties in the integration. 
The design of shells with varying curvatures, changing in the cross 
section (R,,) or changing in plan (r,), or changing in both planes, such 
as with an ellipsoid, offers great difficulties in the mathematical 
solution for the equations of equilibrium. Dischinger has discovered, 
however, that in varying the thickness along the surface of an elliptical 
shell according to certain proportions, which depend on the variation 
in the respective curvature, it is possible to find a similarity of stresses 
between the elliptical and the circumscribed spherical shell. He 
derived the laws of analogy of stresses between shells of related shapes 
and related unit weight of shell such as between sphere and ellipsoid, 
or, for instance, between the shell structures shown in Figs. 25¢ and 
25e. Shells designed with his principle of equalization of weights 
will be thicker at points where the radii of curvature are smaller in 
comparison with the imaginary circumscribed spherical shell. This 
van easily be understood from consideration of equation, 33c, which 
states that the ring stresses are in inverse proportion to the radii. 
An increase of dead weight at such points will keep the stresses con- 
stant in spite of decreased curvature, which will safeguard the similarity 
of stresses in the related shapes. With the increase in shell weight at 
points of decreased curvature it is possible to build elliptical shells 
without the occurrence of bending moments in shell or base ring. ©: !°. 
f—Flexural Conditions at the Boundary Lines of Spherical Shells 

Small flexural stress components M,, N; Mz and Ne, such as have 
been indicated in Fig. 1la in connection with the cylindrical shell will 
also occur on shells with double curvature, especially along the borders 
of the shell. Another set of equations of equilibrium such as has been 
suggested in Chapter IIIc can be written with the inclusion of these 
flexural stress components. Also the equations of elasticity and com- 
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patibility can be found in a similar manner and would provide the 
necessary number of equations necessary for determining these 
additional stress components and the deformations. The mathemati- 
‘al detail work necessary for such calculations, however, becomes 
extremely difficult, even for a spherical shell with constant curvature. 
It has been carried out by different scientists, but fortunately Geckeler, 
during his work on Z.D. shell structures, has found certain simplifi- 
cations in the assumptions which entail only an error of a few per 
cent in the results.*.?° 


Solving the flexural stresses at the points of discontinuity, such as 
at an abrupt change of curvature or at the connections of shell to edge 
members, is done by consideration of an imaginary gap between the 
adjoining members, such as has been illustrated in Fig. 18, for the 
cylindrical shell. Due to the action of the membrane stresses each 
member will deform in a different manner. Since a gap cannot exist 
on the actual structure, flexural stresses will be induced to close the 
gap. 


Geckeler’s method and those of others is based on the perception 
of the following facts: 


The flexural stresses and strains occur in the form of highly damped 
sine waves oscillating to zero at a short distance from the rim, (point 
of discontinuity). The size of these damped waves is practically 
independent of the load on the shell in the rim zone. The damping 
factors are large; they depend on the rigidity of the shell, such as the 
thickness of the shell, the radii of curvature and on the elastic pro- 
perties of the material. The wave length is the same for all stress 
and strain components and is only dependent on the radii of curvature, 
the thickness of the shell, and on Poisson’s ratio. The latter can be 
neglected for concrete structures. Discontinuity stresses can be found 
comparatively easy with shell stiffness coefficients and from the differ- 
ences in membrane stresses of two adjoining parts. Transverse bend- 
ing moments and secondary ring stresses have been worked out with 
this method, as an example in Fig. 29d for a difference in temperature 
of 25° F. between shell and adjoining tension ring. Such temperature 
difference would strain the rim zone considerably, like any other edge 
load, and temperature stresses will have to be taken care of in the 
design to prevent failure at the edges. 


Geckeler’s method is also sufficient to treat the rim stresses due 
to M2 in the design of Z.D. barrels. 
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g—Spherical Shell Domes with Point Supports 


A shell dome of double curvature can very effectively be supported 
at a few points along its base ring. The base ring will have a function 
similar to the edge members of longitudinal barrels. There will be 
bending moments however in the horizontal plane of the base ring, 
necessary to keep bending out of the shell itself, otherwise shell bending 
would occur due to the diaphragm action in the horizontally curved 
dome. Trajectories for a spherical shell supported on four columns are 
plotted in Fig. 31. The similarity of the diaphragm action of the 
longitudinal barrel, illustrated in Fig. 19, and the bridging action in 
spherical shells is apparent. Again we can reason that with increased 
column spacing the longitudinal stress components from the bridging 
action will not increase. With increased distance between supports 
the lever arm of the interior forces will merely increase, just as in the 
diaphragm.'*: '* 


h—Buckling of Shells 


Most concrete shells, built to date in the United States, have been 
of such dimensions that the danger of buckling did not seriously 
influence the shell design. The minimum concrete thickness necessary 
to cover three layers of reinforcing, which is the least number used in 
shells, is about 25g in. As a rough approximation it can be said that 
the danger of buckling is in direct proportion to the thickness of the 
shell and the modulus of elasticity of the material, and in inverse 
proportion to the radius of curvature. The danger of buckling must 
be considered with a radius of curvature of about 100 ft. for concrete 
shells of 254 in. thickness. Concrete shells are therefore comparatively 
safe against buckling in contrast with shell constructions in steel, 
which have much thinner sections. The danger of buckling of thin 
members has been extensively investigated for metal sections, such 
as are used in the design of airplanes and is treated by Timoshenko.’ 
Very valuable contributions to the buckling of shells can also be found 
in the publications of the National Advisory Committee for Aeron- 
autics:® and of the University of Illinois tests on steel shells.'® 


V—PRACTICAL APPLICATION OF SHELL THEORY IN THE U., S. A. 


Approximately ten years after the first reinforced concrete shell 
structures were built in Europe the first permanent application, a 
Z.D. dome structure, was realized here in the United States during 
the fall of 1934 in the construction of the hemispherical dome for the 
Hayden Planetarium in New York. Previous to that a temporary 
barrel roof was constructed for the World’s Fair, 1933-34, and de- 
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molished in 1934 after actual tests on strain and stresses under large 
unsymmetrical loads were made. There are now many Z.D. roof 
structures built or under construction in the United States. 


Before describing a few outstanding examples of American Z.D. 
structures it will be necessary to touch on a few questions which are 
almost general in the mind of the architect, engineer and owner when 
consideration for a structure of this type is given. 


How can a 2% in. or 3 in. thick slab of such expanse and partially 
steep slopes be constructed to produce a durable piece of concrete of 
monolithic action? The answer is that a number of such thin concrete 
slabs have been built in various parts of this country by contractors 
accustomed to different methods. Supervision by trained engineers 
is however essential for satisfactory results. The general opinion of 
the concrete men in the field is that a large shell slab is no more difficult 
to place and finish than ordinary slab construction. After the forms 
are placed and the reinforcing steel well tied and blocked, screed 
strips 1 in. x %4 in. are placed every 10 ft. over the curved roof section. 
See Fig. 32g. The forms are wetted thoroughly during the whole 
placing procedure. A very thin grout, which literally greases the form 
surface, is first placed in strips 5 to 7 ft. wide along the length of the 
shell. A layer of concrete made of well graded aggregates not over 
34 in. maximum size is placed immediately after the layer of grout 
and raked and spaded to rough grade about 4% in. above the screed 
strips. The slump of this approximate 1:2:3 concrete varies from 1 to 
4 in., depending entirely on the slope of the section. This low slump 
makes it possible to place the concrete without top forms, even on 
quite steep slopes. The concrete is then screeded off by straight edge 
to the screed strips, and the strips removed. After the concrete has 
hardened slightly the surface is floated with a wood float or darby. 
The concrete is then covered and thoroughly cured by keeping it wet 
for a period of at least seven days. 


In many cases the shell slab thus placed was entirely watertight, 
without the application of waterproofing paint or built-up roofing. 
Strength and elastic properties of the thin slabs are excellent, as the 
average cylinder strength obtained was 4500 p.s.i. and the modulus 
of elasticity 344 million p.s.i. after twenty-eight days. The average 
stress in a shell roof does not amount to more than 300 to 400 pounds 
per square inch, and therefore a factor of safety beyond that required 
by standard codes is obtained. After the shell roof is finished it is 
usually covered with a waterproofing paint with an aluminum top 
coat, or on structures of large span a two ply built-up roofing is used. 
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The second question usually raised in considering Z.D. roof struc- 
tures is the apparent intricacy of placing reinforcing steel. Again 
actual construction here in the United States has proven that the 
placing of reinforcing in thin shells is no more expensive than for 
standard reinforced concrete structures. Of course it must be re- 
membered that approximately 40 to 50 per cent of the bars entering 
a shell structure are of small diameter, and accordingly the unit price 
will be higher on a tonnage basis but not higher than in any structure 
when small bars are used. Placing and supporting of bars need not 
be done more accurately than general practice demands. Doubly 
curved diagonal bars in the shell slab are furnished straight, are laid 
into place, and curve properly by their own weight. The use of small 
bars closely spaced instead of larger bars at wider spacing has a dis- 
tinct advantage not generally realized in the United States but investi- 
gations and tests, particularly in Holland, have proven that closely 
spaced small bars increase the crack-proofness of concrete, particularly 
under high shear stresses. Further, a close spacing of small bars is 
more effective against volume change of the concrete and considerably 
increases the fireproofness by reducing the tendency of the concrete 
to spall over larger bars. 


It is frequently thought that the form work for shell roofs may be 
within the limits of economy in Europe where labor is cheap but that 
form costs must make the use of shell structures in the United States 
prohibitive. Actual construction in this country has brought forth 
the very interesting fact, however, that the efficiency of labor in car- 
pentry and the advanced mechanization in making up and handling 
of forms results in almost equal unit prices here and abroad. Yet it 
should be remembered that the economy of a monolithic concrete 
roof structure, more than anything else depends on the possibility of 
repitition of forms. Therefore thorough planning in forming is of 
utmost importance. As can be seen in the accompanying pictures a 
comparatively light scaffolding is used, easily shifted on rollers in the 
longitudinal axis of the building. On top of the scaffolding, curved 
beams or trusses are supported on jacks to give the exact shape of 
the shell slab by the use of plywood panels. 


a—Longitudinal Barrel Shell Roofs 


The largest roof of the longitudinal barrel shell type was built in 
1936 for the Hershey Sports Arena. The roof covers an area of 232 ft. 
by 343 ft. The theoretical span of the ten supporting arches is 222 ft. 
the shell slab 31% ft. thick spans over two arches 39 ft. 2 in. centers, 
and cantilevers beyond each of the arches 19 ft. 7 in. (Fig. 19b) 
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Fig. 32 (£), (F) AND (G)—HAVERFORD SKATING HALL UNDER CON- 
STRUCTION 


(e) Scaffold after decentering form work; (f) Scaffold and form work moved 
forward into new position; (g) placing concrete on one roof section. 
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Three smaller roofs of this type are: the Springfield Riding Academy, 
150 x 275 ft., which will soon be under construction; Municipal Build- 
ing, Great Bend, Kansas, 112 x 130 ft. completed early in 1938; the 
skating rink for the Philadelphia Skating Club and Humane Society, 
Haverford, Pennsylvania. This structure covers an area of 105 ft. 6 in 
x 235 ft. It houses a skating floor 85 x 185 ft. and club facilities 
arranged on two floors in the 30 ft. deep front portion of the building. 
The roof consists of four units separated by 1 in. expansion joints. 
The typical intermediate roof units are supported by two 2-hinged 
arches having a theoretical span of 116 ft. 2 in. The rise of the arch 
over the ice line is only 31 ft. 8 in. The shell slab spanning over the 
arches on 29 ft. 2 in. centers is only 254 in. thick, and only near the 
horizontal edge members is the thickness 44% in. The characteristic 
cross and longitudinal sections shown in Figs. 32c and d illustrate the 
structural arrangement in detail. The skylights inserted between the 
adjoining roof units and arranged continuously over the cross section 
of the building in connection with glass brick walls on the south side 
and a huge glass window on the west side, give effective illumination 
of the rink area. The diffusion of light on the curved underside of the 
roof slabs brings about a very even lighting. The two photographic 
reproductions shown in Fig. 32a and 32b of the outside and inside 
of the building without architectural trimmings show the appealing 
lines of this building. The architect was E. Nelson Edwards of 
Philadelphia; the general contractor, Sauter & Schwertner. 


Fig. 34 shows an interesting and beautiful design of a longitudinal 
barrel now being built abroad.*! The pictures show the Market Hall 
in Cologne, 529 ft. long with 190 ft. arch span. 


b—Cross Barrels 


As previously mentioned, the first, but temporary American con- 
struction of monolithic concrete cross barrels was in 1933 at the 
Chicago World’s Fair. The building covered was 36 x 72 ft. The roof 
consisted of five cross barrels 14 ft. wide.” 


A similar structure serving as a Dairy Stable was built in the Fall 
of 1935 for Starline, Inc. in Harvard, Ill.—with eight barrels, 14 x 36 ft., 
the general arrangement being the same as that for the World’s Fair 
structure. 


A structure with cross barrels 37 ft. wide and 105 ft. theoretical 
span was built for the Pennsylvania-Dixie Cement Corp. at Bath, Pa. 
in 1937. It was designed entirely independent of the existing concrete 
retaining walls. The structure covers an area of 107 x 150 ft. Fig. 33a 
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Fic. 33 — CLINKER 
STORAGE BUILDING 
FOR PENNSYLVANIA 
DIXIE CEMENT CORP., 
BATH, PA. 


(a) and (b) Sections. 
(c) bottom Finished first 
bay and scaffolding for 
second bay. 
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Fic. 33 (D) AND (£E)—(D) ScAFFOLD—TOWER, TRUSSES AND WORKING 
PLATFORM; (E) ERECTING BARREL TRUSSES ON WORKING PLATFORM 


and b show the structural arrangement of this roof. The supporting 
columns, following the shape of the retaining wall are inclined. The 
columns on the east side are widened for the support of a similar roof 
structure for a future extension. The point of inflection of the columns 
is close to the underside of the barrels, thus creating an imaginary hinge 
resulting in a favorable distribution of bending moments, both in 
columns and barrels. The inclination of columns monolithically 
connected with the barrels brought about a frame action whereby the 
tension in the edge members of barrels is somewhat reduced. On 
account of the restricted space within the clinker storage bin, a scaffold- 
ing was erected as shown in Fig. 33d, supported on the existing crane 
rails and a center tower on which scaffolding and forms were skidded 
along the longitudinal axis of the building. On top of the scaffolding, 
forms for the barrels, slab and edge members were erected as indicated 
in Fig. 33e. Fig. 33c shows a portion of the finished structure which 
was poured during very unfavorable weather and temperature con- 
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Fic. 33(F)—REINFORCING IN EDGE MEMBER 


ditions. The procedure of pouring was in general the same as des- 
cribed previously. The approximate mixture of concrete was 1:2:3. 
The aggregates were very well a at the coarse aggregates consisting 
of equal parts of 4% in. and 34 in. maximum sizes. The owner’s high 
early strength cemert was iad on account of temperatures below 
freezing. Salamanders were placed on the scaffolding platforms. 
After the concrete was placed tarpaulins were stretched over the 
barrel slab, permitting at least a 6 in. air space over the concrete. 
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Fig. 34—Market HALL, COLOGNE, LONGITUDINAL BARREL SHELL 
ROOF, 190 x 525 FT., HEIGHT 80 FT. 





Fic. 35—HAYDEN PLANETARIUM 
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The result was that concrete of sufficient strength and modulus of 
elasticity was obtained within a week enabling the decentering of the 
structure, within the same time as normally required during summer 
months. The measured deflection in the center of span was approxi- 
mately 5% in., which was within a few per cent of the calculated 
deflection." 


c—Shells of Double Curvature 

The first application of a Z.D. dome in the United States was a 
hemispherical shell dome of 80 ft. 6 in. inside diameter and 3 in. shell, 
constructed to cover the Hayden Planetarium of the American Museum 
of Natural History in New York City." (Fig. 35) It is interesting 
to note that this dome is supported at eight points of the ring periphery. 

A half hemispherical shell of 69 ft. inside diameter and 344 in. thick- 
ness for a band shelter is now approaching completion in Mexico. 


d—Conclusion 


Concluding we answer a question so many times asked. Why have 
shells to be built of such small thicknesses? Merely to comply with 
European practice to save material? 

In answer the authors have shown how the direct stress system in 
shells is primarily in straight proportion to the dead loads. Since dead 
loads constitute the major portion of loadings, increase in safety cannot 
be obtained by increasing the thickness of shell slabs. On the other 
hand, such increase in thickness of the shell would breed and spread 
the moments due to the ‘flexural condition.” Also by having a thin 
shell a desired flexibility is obtained preventing additional stresses 
due to volume changes in concrete (temperature, shrinkage, plastic 
flow). 

Thin shell structures, conceived by observation of nature and 
developed after reliable investigation of the underlying mechanical 
principles, made possible the use of concrete for wide spanning roof 
structures. 

NOTATIONS 


A Area of cross section or of a strip of the shell 
(7) 
a= 
L 

: Shell constants 
b= w3 

l 
b, Effective width of shell for Rim Bending 


c(@) Constant of integration 














Mu 


t 


U,v,W 
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Substitutions corresponding to the terms of a Fourier’s series 
Unit elongation, ¢, in direction of 7; 
é, in direction of T> 
€; a part of e, 
é, a part of e 
Modulus of elasticity 
Stress function f (¢) orf (ry) 
Unit stress resulting from 7’; 
Unit stress resulting from 7. 
Unit shearing stress resulting from S 
Weight per unit area of a diaphragm or shell membrane 
Pressure head of water measured from center of pipe 
Moment of inertia of cross section, or of a strip of the shell 
12k? 
Also an expression indicating the distribution of stress or strain 
Length of span between stiffener ribs or rings. 
Length of cantilever span of a pipe cylinder 
Moment from beam theory 
Moment in shell normal to surface per unit width, in direction of 7; 
Moment in shell, normal to surface per unit width, in direction of 7, 
Torsional moment acting on a shell element per unit width 
Statical moment of the cross section of a shell above a horizontal fibre, about 
the neutral axis. 
Poisson’s ratio 
Also an index denoting ‘‘Membrane Condition.” 
Terms of Fourier’s series 
Shearing stress component normal to shell per unit width, along 7 
Shearing stress component normal to shell per unit width along 7, 
Uniform load per lineal foot or per square foot 


Stiffness factor of shell 


Sum of a trigonometric (Fourier’s) series expressing a load p. 
Water pressure per unit area of pipe shell 
Unit weight of water 
tadius of cylindrical shell 
Radius of vertical curvature of a shell 
Normal distance of a shell element from axis of rotation 
Radius of a horizontal circle on the shell 
Length measured along mid-surface of shell 
Direct shearing stress component per unit width, acting in the plane of the 
element 
Same as above for ‘‘Membrane Condition” 
Direct stress component on an element per unit width 
T, in longitudinal direction or tangential to horizontal circles 
T> in a direction of the tangent to meridian 
T,”, T.™ Direct stresses as above for the ‘‘Membrane Condition” 
Thickness of shell or diaphragm 
Components of displacements of a shell element 
u, in direction of the 7’, stresses 
v, in direction of the 7’: stresses 
w, in direction normal to the shell surface 
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u™, v™, w™ components, as above for the “‘Membrane Condition” 
V Beam shear 
x,y Rectangular coordinates 
£ Coordinates along axis of shell cylinder 
XYZ Components of a distributed surface force per unit area 
X in horizontal direction 
Y in the direction of the tangent. to meridian 
Z in direction normal to the shell surface 
X'X’ Statically indeterminate line loads (X! at left edge, X" at right edge) 


y Gamma—aAngle of detrusion—Shearing strain 

7] Theta—Angular deflection of a meridional (transverse) tangent 

K Kappa—Change of transverse (meridional) curvature due to displacements 
u, v, and w 

ny Lambda—Shell constant in connection with Fourier’s series 

o Phi—Angular distance of shell element from vertical axis (Except when deal- 
ing with line loads) 

¢ Phi—Angular distance of shell element from point of edge disturbance (Used 


in connection with line loads only. See Chapter IITA, Sec. b and c. 
¢ Phi—Angular distance from vertical axis to base ring on spherical shell 
y Psi—Angular distance of shell element in a horizontal plane 
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Discussion of a paper by Molke and Kalinka: 
Principles of Concrete Shell Dome Design* 
CONVENTION DISCUSSION 


Harlan H. Edwards:+ To what extent would this design of structure 
withstand earthquake forces? 

Mr. Molke: We have the advantage that in comparison to other 
reinforced concrete construction, our dead weights are smaller and 
for that reason we can easily design the columns in such a way that 
the structure can resist lateral earthquake forces. In making the 
shells thin we keep the deadload low, thus reducing stresses due to 
gravity, as well as lateral earthquake forces. The shell itself acting 
similar to a horizontal floor slab, can easily resist high lateral forces 
or forces in other directions, on account of the fact that the greater 
part of any possible load can be taken by a direct stress system. 

N. E. Keller: What would be the ratio of rise to span? How flat 
could you make the arch? 

Mr. Molke: The effective depth of the barrel acting as a beam 
depends on the combined height of edge member, plus curved shell. 
Figuratively we can speak of a T-beam action and need depth for our 
structure to resist the vertical load. The radius of the shell, which is 
in proportion to the depth is of course limited by the buckling forces, 
and we have to check our structures for buckling. The proportion of 
depth to span varies and must stay within safe limits for buckling. 

L. H. Corning§: Mr. Molke spoke about the tests made on the 
structure at the fair grounds. In what did that test consist? Was it 
a balanced load? 





*JouRNAL Am. Concrete Inst., May-June 1938; Proceedings Vol. 34, p. 649. 
tClaremont, Calif. 

tMoline, Ill. 

§Portland Cement Association, Chicago, Ill. 
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Mr. Molke: The load consisted of cement bags which were piled 
unsymmetrically on one side of the shell only, and it was ten times 
the calculated shell load. Piled in such a way that the bags could 
not support themselves by arching, the load rested directly on the 
shell—over the full length of one-half the barrel. 


Chairman Lindau: I might ask whether that type of load, which 
would be a load for maximum moment in the ordinary arch construc- 
tion, is also maximum moment in the shell construction? 


Mr. Molke: The unsymmetrical load is what always worries the 
casual observer most. Such unsymmetrical loads cause high bending 
moments in ordinary arch design. In the shell construction the loads 
are transmitted mainly by direct stresses and we have not to worry 
about bending moments to a greater extent than under symmetrical 
loads. Our factor of safety is higher than on the usual type of struc- 
ture. By reducing bending we can increase the direct stresses. 


Mr. Corning: What was the deflection when they removed the 
centering of the Hershey roof? 


Mr. Molke: It differed for various units of the roof which were 
poured during different seasons. The maximum deflection was 11% in. 
The modulus of elasticity of the concrete was determined by tests 
before decentering and the deflections calculated therefrom were 
within five or ten per cent of the actually measured deflections. 


ROBERT ZABOROWSKI* 


The design of concrete shell domes, as presented by Messrs. Molke 
and Kalinka, uncovers with splendid graphic quality a difficult and 
highly specialized field of structural analysis. A good deal of the 
recent work being done in thin shell analysis is concisely reviewed and 
serves as excellent introductory material for those unacquainted with 
design of this nature. Discussing the deviation of the ordinary beam 
theory when applied to diaphragms of greater depth-to-span ratios, 
is an expedient method for introducing the more complicated problem of 
singly and doubly curved shell surfaces and the three dimensional 
problem resulting. The exact analysis of a beam under a concentrated 
load is intricate, but fortunately unnecessary for usual purposes in 
design. Similarly, with the huge amount of mathematical labor 
necessary for the solution of a concrete shell dome, it is interesting 
to note where and what simplification can be made in good design 
procedure. Present contributors to thin shell literature have been 
necessarily concerned with fundamentals and a nearly exact elastic 


*Research Graduate Assistant in Civil Engineering, University of Illinois, Urbana. 
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analysis whenever possible. Consequently, much of the direct physi- 
cal contact with the problem has been sacrificed. Only those skilled 
in mathematics may hope to work through this original work. Engin- 
eers desire to reduce their problems to simple expressions and to 
maintain a physical grasp of the solution during all its stages. The 
time may not be distant before thin shell design will be put on this 
basis. 


In section IV, e-Z.D. System of Tension Rings, the writers mention 
secondary stresses. I am interested in knowing just how a design 
procedure would differentiate between the stresses solved for under 
membrane conditions, and those due to strains that do not help carry 
the load. Just how are secondary stresses determined? 


Section IV, h—Buckling of Shells, is of considerable interest, and 
further elucidation may be permitted. In order to find a critical load 
that causes buckling two approaches are possible, either from the 
energy or from the differential point of view. A method of attack is 
to assume a state of stress acting on an element, and then consider a 
second state after infinitesimal displacements are applied to the middle 
surface of the shell element. 


It is in placing the forces acting on the deformed element that appar- 
ent differences in the few existing analytical solutions for shell buckling 
originate. Whether in the final analysis these are real differences is 
yet unknown. From a recent discussion in which I was privileged to 
participate, these three possibilities are offered. First, the forces 
parallel to adjacent sides of the deformed element; second, the direction 
of the force on the right edge and bottom edge of the deformed element 
differentially changed from opposite sides with respect to movement 
along the length and across the meridian; and third, the forces perpen- 
dicular to each deformed edge of the element. After an assumption is 
made, equations of equilibrium are written and substitutions in terms 
of displacement and strain are made. The question of plastic rather 
than elastic behavior during buckling now presents itself. A decision 
must be made regarding the relation between stress and strain during 
buckling. The critical state during which buckling occurs lies between 
an unstable and stable state of equilibrium. This indifferent state 
may be described as one during which the energy is a minimum and 
during which no work is done during the displacement. This condition 
permits a solution. Although this outline is very brief, a more com- 
plete presentation is outside the scope of this discussion. 
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AUTHORS’ CLOSURE 


The authors wish to thank Mr. Zaborowski for his interesting contri- 
bution to the discussion. As the title of this paper suggests only the 
basic principles of shell dome design could be treated and it was im- 
possible to go into details on any such involved questions as buckling, 
bending stresses in domes, ete. A great deal of mathematics is involved 
in presenting such details. For those interested in a detailed analysis 
we have given a list of references and we would like to refer Mr. 
Zaborowski especially to reference No. 3 in the appendix. 
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The permeability of concrete to X and Y rays 
FisHER AND VauPEL, Beton und Eisen, Vol. 37, No. 5, p. 87, Mar. 5, 1938. Reviewed by A. U. Tuever 
Authors give a short theoretical discussion of the characteristics of the X and Y 


rays and their practical application in concrete investigations. 


Designs for a bridge over the Tiber at Rome 

G. Escuer, Beton und Eisen, Vol. 27, No. 7, p. 113, April 5, 1938 Reviewed by A. U. Tuever 
This article describes six proposed designs for a monumental bridge over the 

Tiber at Rome. The width of the crossing is 720 ft. Plans and descriptive illustra- 

tions to bring out the unique features of each design are included. 


Flat slab of tile and concrete 

Engineering News-Record, Vol. 120, No. 14, April 7, 1938, pp. 511-512 Reviewed by R. W. Brat 
In a new type of flat slab, without capitals or drop panels, the areas of maximum 

negative bending moments near the columns are constructed of reinforced concrete, 

while tile fillers spaced about 16 in. on centers both ways are used in the middle strip 

areas. The resulting slab js strong, stiff, somewhat lighter and offers a rough surface 

which provides good bond for plaster ceilings. 


The efficiency of air separation 
Jaxon Heyp Tonindustrie Zeitung, Vol. 62, No. 10, 11 p. 107-9, 119-20, Feb. 3, 7, 1938 
Reviewed by A. EF. Berriicn 


The many types of air-separator systems used in the cement industry require 
intensive studies of their particular efficiencies. The author has developed a series 
of mathematical expressions embodying numerous factors which affect efficiency. He 
explains the application of his formulas for 7 different types of air separators or 
combination of air separators. 


Twin mixers speed paving 

Engineering News-Record, Vol. 120, No. 13, March 31, 1938, pp. 463-465. Reviewed by R. W. Brat 
Methods use in high-speed paving work with modern equipment are explained in 

detail. With a mixer operating on each shoulder, and each mixer with its own fleet 

of supply trucks, from 1500 to 1800 ft. of a 20 ft. highway were completed per day 

under favorable conditions in Indiana. The method of handling the forms was 

unusual and very fast. 
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The Rohrbach bridge near Stuttgart 


KLetr AND Rerrut, Beton and Eisen, Vol. 37, No. 5, p. 77, Mar. 1938 Reviewed by A. U. Turever 

This article describes a number of bridges of different types proposed for a stream 
crossing on one of the German through highways and the work preliminary to the 
final adoption of an arch-type structure. The structure adopted was of the fixed 
arch type consisting of seven successive arches. It is described at length both as to 
its engineering details and methods adopted in construction. 


Stress determinations with reference to time deformation 


effects in concrete subjected to sustained loading 
JoseEF VINZENz, Beton und Eisen, Vol. 37, No. 6, p. 109, Mar. 20, 1938. Reviewed by A. U. Tuever 


The decrease in the modulus of elasticity of concrete when subjected to sustained 
loading is discussed at length and the introduction of an idealized elastic modulus 
decreasing as a function of time considered. The problem of the variation of stress 
distribution over a cross section as a direct result of variation in the modular ratio 
of a reinforced beam is made the subject of a theoretical study. 


Flood-proof bridge for Binghamton 
A. Burton Conen, Engineering News-Record, Vol. 120, No. 17, April 28, 1938, pp. 613-617 
teviewed by 8. J. CHAMBERLIN 


A flood-proof bridge for Binghamton, N. Y., of three concrete arches is the central 
unit in a traffic improvement project built after a flood destroyed the old bridge. As 
built, it consists of three 12814 ft. concrete barrel arch spans with open spandrel floor 
construction. The smooth unindented surface of the intrados of the barrel arch and 
the boxlike openings formed by the rectangular floor slab with the transverse spandrel 
walls give little resistance to flood flow. 


Recent papers on the determination of free lime in 
portland cement 


Anonymous. Tonindustrie Zeitung, Vol. 61, No. 92, p. 1021-2, Nov. 18, 1937 
if 
Reviewed by A. E. Berriica 


A discussion of recently developed methods includes the studies by Schiipfer, 
Bukowski, and Esenwein, and by Rordam. The advantages and limitations of the 
ethylene glycol method are pointed out and efforts for developing a qualitative 
microscopic method for identifying free lime and calcium hydroxide are described. 


Railroad bridge built of two 108-ton precast slabs 
Rost. 8S. Jounson, Engineering News-Record, Vol. 120, No. 15, April 14, 1938, pp. 539-540. 
Reviewed by 8. J. CHAMBERLIN 


To avoid interrupting train movements on a grade separation project the tracks 
were carried across the bridge opening on a timber trestle, and while the abutments 
were being built the reinforced concrete slab was being precast 200 ft. away. The 
rails rest directly on tie plates attached to the concrete slab. Vibrated concrete 
with a specified minimum strength of 3000 p.s.i. was used in the two 108-ton sections. 
Two heavy railroad cranes installed the superstructure in 24 hours. 


Vibration-pressure experiments and their applications to 


foundation and concrete construction 
D. H. Scunerwer, Beton und Eisen, Vol. 37, No. 1, p. 1, Jan. 5, 1938. Reviewed by A. U. Tuoever 


The author here treats two new applications of a vibration method for the sinking 
of piles, sheet piling or pipes through sandy materials and for the compacting of 
earths around buried structures or under foundations, piles, ete. The apparatus 
used for this purpose consists of a tubular immersion vibrator from the bottom of 
which a fluid may be forced under pressure. A number of specific applications of 
this method to engineering practice are described in detail. 
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Finishing a concrete floor 
Engineering News-Record, Vol. 120, No. 14, April 7, 1938, pp. 506-507. Reviewed by R. W. Breau 


The John W. Cowper Co. of Buffalo, N. Y., is using high silica aggregate and a 
rotary screed-tamper to obtain a tough durable surface for concrete factory floors. 
The finish surface is one inch thick, and is placed after the walls are closed in and 
most mechanical work is installed. The very dry mix is leveled off and first tamped 
by hand, after which it is screeded with a mechanical rotary finisher that leaves the 
surface smooth and hard enough to walk upon without a trace of footprints. A 
crew of 8 men with two of the rotary machines finish 9,000 sq. ft. in an 8-hour shift. 


Recently completed reinforced concrete bridge structure in Italy 
GortrHarp Escuer, Beton und Eisen, Vol. 37, No. 3, p. 41. Reviewed by A. U. THEever 


This article does not pretend to be all inclusive nor does it go into great technical 
detail, but rather describes a selected number of recent bridge structures to illustrate 
current Italian tendencies. A national predilection for the arch type structure 
coupled with generally prevailing alluvial conditions found along Italian streams 
has tended to the development of a number of statically determinate structures 
unique in detail. The article is well illustrated with photographs and sketches. 


The utilization of waste gases of cement kilns 
R. Barta. Tonindustrie Zeitung, Vol. 61, No. 96, p. 1062, Dec. 2, 1937. Reviewed by A. E. Berriicu 


Experiments were made to utilize the waste gases of a shaft cement kiln for improv- 
ing the strength of lime mortars. Specimens made from (1) 90 parts crushed lime- 
stone and 10 parts dolomitic lime, (2) 70 parts limestone, 20 parts lime, and 10 parts 
iron portland cement, and (3) 55 parts limsetone, 30 parts lime, and 15 parts iron 
portland cement were exposed to the gases at 100-130° C. Increases in the 7- and 
28-day compressive strength resulted in all cases if water vapor was present in the 
gases. The presence of 10 per cent iron portland cement produced an additional 
increase in strength; however, with 15 per cent this increase was relatively small. 


Analysis of partially fixed two-way reinforced concrete slabs 
Erik Forsiinp, Betong, No. 1, 1938, pp. 1-42. Reviewed by Ince Lyse 


The author presents a mathematical study of the elastic plate supported along the 
edges. At first he reviews briefly the common plate theories. He proceeds to apply 
the plate theory to different border conditions, conditions of fixity moments along 
certain edges with free support along other edges. Examples are shown for different 
loadings, such as uniform, triangular and concentrated loads. Numerous diagrams 
illustrate the various functions employed in the solution of the problems. The 
paper must be classified as strictly theoretical. However, it presents a clear picture 
of what is taking place in an elastic material and thus may be of some interest to 
the designer of two-way reinforced concrete slabs. 


Investigations into the possibilities of free-overhang construc- 
tion methods applied to reinforced concrete bridges 
A. Hawranek, Beton und Eisen, Vol. 37, No. 3, 4, and 5, p. 52, Feb. 5, 1938 
Reviewed by A. U. THever 

In this series of three articles the author discusses the statics and engineering 
and the possible advantages and economies afforded by overhang or cantilever 
methods of construction when applied to reinforced concrete bridges. The choice of 
concrete-mixes, and cross-sections of members, the precedures and time schedules 
and the special equipment essential to success are all discussed in great detail. 

In the case of continuous beams and girders, methods are proposed and the possi- 
bilities of using hydraulic jacks to reduce maximum moments during construction 
are investigated. Methods proposed are carried out for two actual examples. 
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The testing of the fineness of air-separated materials 


Jacos Heyp. Tonindustrie Zeitung, Vol. 61, No. 100, 102, 103-104, p. 1105-7, 1129-30, 1138-39, Dec. 
16, 23, 30, 1937. Reviewed by A. E. Berriicu 


The author continues his papers on the technology of air separators with the 
description of the methods for fineness determinations. Sieve analyses are widely 
used for determining the grain composition of powders with sizes above 40 microns. 
Various methods for screening powders and the standard sieves used in the United 
States, England, and Germany are described. In determining the grain composition 
of fine powders below the 40-micron size, other methods are preferable to screen 
analysis. Described are air separation with the Gonell air separator, suspension in 
liquid media, sedimentation analysis, and microscopic methods in which the various 
fractions are counted and measured directly. 


Testing cement mortars in sea water 


Tuos. E. Stanton, Jr., Engineering News Record, Vol. 120, No. 11, March 17, 1938, pp. 400-402 
Reviewed by R. W. BEAL 


Extensive long-time tests on cement mortars stored in Pacific Ocean salt water 
indicate that the density of mix has as much effect on disintegration as does the 
cement composition. The loss in weight of sepcimens during a 48-month period 
varied directly as the percentage of tricalcium aluminate, with a 1:3 mortar using a 
cement with a tricalcium aluminate percentage of 17.2 being completely disinte- 
grated. Percentages less than 7.2 resulted in no loss of weight. The same cements 
used in 1:2 mortars showed much less disintegration, with the maximum loss being 
about 40 per cent. Essentially the same results were obtained regardless of whether 
the mortars were mixed with fresh water or salt water. 


Ferrari—portland cement 


Czernin. Tonindustrie Zeitung, Vol. 61, No. 91, p. 1009-12, Nov. 15, 1937. 
Reviewed by A. E. Berriicna 


A detailed review is presented of a thesis written by H. Albert on the production 
and technical properties of Ferrari-cements. Synthetic cements were prepared in 
laboratory experiments: 5 true Ferrari cements with an alumina modulus of 0.64 
with varying silica content and 22 synthetic cements, 10 of which showed increasing 
amounts of Fe,O;, and 12 with increasing amounts of Al,O;. The optimum lime 
contents were determined on the basis of phase equilibria studies. The second part 
of the paper deals with cements prepared in a commercial kiln and an investigation 
of their properties, such as strength, shrinkage, elasticity, chemical resistance, and 
others. It was found that Ferrari-cements with low silica content gave the most 
promising results. 


Concrete in closed chamber protected against gas 
Engineering News-Record, Vol. 120, No. 18, May 5, 1938, p. 659. Reviewed by S. J. CHAMBERLIN 
Sewage in an unusually septic condition has caused serious deterioration of the 
concrete in a closed sump chamber at Coronado Beach, California. The pump sump 
is a reinforced concrete structure 20 ft. in diameter, 9 ft. deep set in the ground, with 
walls 8 in. thick, built of a 1:2:3 mix of well-graded aggregate. The plan had been 
to wash down the walls and cciling once a week, but after two years of service the 
interior surface of the concrete showed extensive deterioration. A surface coat of 1:2 
mortar and later a treatment of emulsified asphalt failed to halt the attack. A new 
protective coating of a colorless solution of inert plastics in a volatile solvent, com- 
bined with finely graded silica was applied by first brushing onto the concrete a 
primer coat and followed with two air-spray applications each about #¢ in. thick. 
After a year of service there has been no indications of deterioration. 














Current Reviews 713 


Concrete strength from cubes and cores 
Orro GraF and Fritz Weise, Forschungsarbeiten aus dem Strassenwessen, No. 6, 1938 
Reviewed by Ince LysE 


The construction of the German concrete highways, the Autobahn requires very 
rigid control and inspection of the materials used as well as of the final product. In 
the investigation reported in this bulletin the particular problem was the relationship 
between the strength of concrete cubes, which are the standard German test speci- 
mens, and the strength obtained on cylindrical cores drilled from the finished pave- 
ment. At first a study was made of the relationship between the compressive 
strength obtained on 8-in. (20 cm.) cubes and 6 by 12-in. (15 by 20 em.) cylinders. 
The results showed that the cylinder strength was very nearly eighty per cent of 
the cube strength for all the various mixes used. 

The cores drilled from the pavement showed a strength of from seventy to eighty 
per cent of the strength of the 8-in. control cubes used. The average strength of 
the control cubes for the pavements was about 7100 p.s.i. (500 kg/em?), indicating 
a minimum core strength of 5000 p.s.i. (350 kg/em?). 


Construction of a 54 meter (high) 5000 (metric) ton grain 
elevator 
Ernst KouNLeIn, Beton und Eisen, Vol. 37, No. 4, p. 61, Feb. 20, 1938. Reviewed by A. U. Toever 

The design and construction of a 5000 metric ton grain elevator is described. 
Joint operation of the new structure with an existing elevator, limitations of space 
and esthentic considerations placed special limitations on the design. Models 
were used in determining the design finally adopted, which consisted of a unit of 
nine cells with slightly curved outer walls. Each cell was 127 ft. high, 15.3 ft. across 
and with wall thicknesses averaging 7.9 inches. The method of computing the bend- 
ing moments in the walls is a modification of a method proposed by Probst and is 
described in detail. Large savings in time and excellent approximation to actual 
stress conditions are ascribed to this method. 

Actual construction followed the system Gleitbau Klotz and Co. wherein a unitary 
sliding formwork, which can be continuously moved along as the concrete is poured, 
was used. Large savings in cost, a continuous surface without the presence of con- 
struction joints, and speed of construction are advantages claimed for this method. 


White cement 


Anonymous. Tonindustrie Zeitung, Vol. 62, No. 1, p. 9-10, Jan. 3, 1938. 
Reviewed by A. E. Berriicn 


The selection of raw materials for white cement production requires considerable 
care in view of the chemical composition, color, and uniformity. The iron content 
must be low and should not exceed 1 per cent in the clinker. The correct proportion 
of silica is more difficult to determine than in the case of gray cement. It is important 
that the possibilities for contamination with iron in the manufacturing process must 
be reduced as much as possible. Great uniformity of the raw material is essential, 
since the properties of white cement are more affected by fluctuations of raw mix 
composition. The white cements possess the tendency to set quickly because of 
most of the Al.O. being present as tricalcium aluminate. Increasing the silica content 
will counteract this tendency. Because very little flux is present in the clinker, the 
lime content should not be too high. Several methods have been tried; for instance, 
addition of cryolite, fluor-spar, or certain chlorides, to transfer the iron compounds 
into lighter and more volatile compounds, to aid in the burning process. Gas or oil 
is better fuel than coal for the burning of white clinker. The cementing properties 
of the better white cements are in general of the same order as those of gray cements. 
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The system of motor roads in Germany 
R. G. H. Ciements, Indian Concrete Journal, Vol. 12, No. 3, pp. 77-78, March 1938. 
Reviewed by J. C. PEARson 

This leading article in a profusely illustrated edition of this Journal, which is 
entirely devoted to the subject of “Road Architecture,” is one of the most concise 
and interesting accounts of the German Autobahnen that have come to our attention. 
It appears to be an official report of the information secured by a group of more than 
200 British Members of Parliament, Engineers and Highway Authorities who 
inspected the system in September 1937, at the invitation of the German Govern- 
ment. All phases of the work are discussed, including national road policy, finance, 
planning, organization, design, safety features, construction, etc., with considerable 
detail concerning the design, mixing and placing of concrete. Many fine photographs 
are reproduced in the pages following the report. Quoting from one of the conclud- 
ing praagraphs: ‘In summarizing the impressions created by the inspection of this 
great undertaking, the foremost and most lasting is the sense of safety and security, 
completely divorced from speed as such. The absence of monotony was linked up 
to the aesthetic quality of the results achieved. The absence of any feature arising 
from the works which would cause disfigurement or destroy the beauty of the country- 
side was most marked.” 


Bigger than Boulder 
Engineering News-Record, Vol. 120, No. 18, May 5, 1938, pp. 647-651. Reviewed by S. J. CHAMBERLIN 
The final plans for the Shasta Dam on the upper Sacramento River in California 
call for 70 per cent more concrete than Boulder Dam and as having a height greater 
than Grand Coulee Dam. Its extreme height of 560 ft. probably approaches the 
limit to which gravity-section dams can safely be built without greatly increasing 
their thickness to resist the shear stresses. The dam will provide a gross storage 
capacity of 4,500,000 acre-ft. of which 500,000 acre-ft. will be dead storage to main- 
tain minimum power head, and the remaining to be used for flood-control and irri- 
gation. The powerhouse will be a reinforced concrete structure, 76 x 446 ft. in plan. 
Notable features include recourse to a hydraulic jump for the high overflow. Field 
and model tests will be necessary to determine the design of the apron. Foundation 
investigations have revealed that the rock is andesitic in character, made up of 
metamorphic lavas and tuffs. A line of holes 75 ft. deep will be grouted at 400 
p.s.i. after the dam concrete has been placed to a height of 50 ft. The concrete 
dam will be built in 50 x 50-ft. columns in 5 ft. lifts. Low-heat cement will probably 
be used, but 50 to 90 deg. of heat will be removed by conducting the cold river water 
through pipes so that volume changes will be completed in time to permit grouting 
of the joints as construction proceeds. 


Tests of portland cement to determine under-burning 
and pre-hydration 
TuHappEeus Merriman, Rock Products, Vol. 41, No. 3, pp. 64-65, March 1938. 
Reviewed by Roy N. Youne 

The author discusses some unique tests and their respective limiting requirements, 
that are contained in the specification for cement prepared by the Board of Water 
Supply, City of New York for cement to be used in the Deleware Aqueduct now under 
construction. (For specification see Rock Products, p. 86, Jan. 1938.) 

The sugar solubility test “affords a quick and ready means for determining whether 
(1), a cement has been so completely calcined that it will remain reasonably stable 
in the presence of water during the operations of mixing and placing concrete and, 
whether (2), it has been appreciably prehydrated either while in the form of clinker 
or by the addition of water during the final grinding.” 
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The purpose of the Alkalinity Test is to “protect the concrete workers against the 
hazard of ‘cement burn’ which causes many ‘lost-time’ accidents.” 

The free alkali requirement limits the total alkali content. An excess of alkali 
causes efflorescence, which tends to corrode concrete surfaces, and also obstructs 
“the formation of the strong, dense and amorphous constituent which makes for 
durable concrete.” 

Cements manufactured under these specifications have resulted in concrete show- 
ing no signs of checking, crazing, cracking or laitance. The strength has been ample 
and no excessive heating during the setting of the concrete has been experienced. 


Waterproofing of concrete by asphalt paints and admixtures 


Minnesota Department of Highways, Highway Research Census 41.13. Higuway Researca 
STRACTS. 


AB- 

The purpose of this investigation is to study the waterproofing qualities of various 
bituminous coatings as used on concrete surfaces, and also the waterproofing quali- 
ties of various admixes to the concrete mix. The study was particularly intended 
for use in waterproofing bridge piers to prevent disintegration at the water line. 

Concrete tests cylinders 4 by 8 in. were made and cured for fifteen days under 
moist burlap and allowed to dry for an additional twenty-eight days. These cylinders 
were then given a bituminous coating, six different emulsions and two different cut- 
backs being used. A parallel series of cylinders containing eight different admixes 
was prepared at the same time. 

Following is a summary of results: 

1. Bituminous coatings offer an effective means of reducing the fluctuations in 
moisture content of concrete. 

2. For emulsions the effectiveness is not decreased through exposure to the 
weather up to the age of at least 750 days. 

3. Cut-backs are very effective at the start, but seem to lose their effectiveness 
with age. In this test the cut-backs showed a distinct tendency to flake off. 

4. A coating of at least 14 lb. per sq. ft. seems desirable. 

5. The most effective admix about equals the average of the eight bituminous 
coatings in its effect on reducing moisture fluctuations. 

6. The two most effective admixes include both a colloidal and a crystalline admix. 

7. Concrete subjected to alternate wetting and drying reaches a definitely higher 
compressive strength than concrete cured in a most air room. 

8. Concrete which has been dried in air for a period of 125 days loses about 45 
per cent of its moisture on being dried in an oven for two days at 250°F. 

9. The rate of absorption of the concrete in this test was about inversely propor- 
tional to some power of the time, the power being usually between 0.70 and 1.25. 


Cement concrete mixtures 


Roy W. Crum, (Director, Highway Research Board). From ‘‘Concrete, Present and Future” pre- 
sented at the annual meeting of the National Sand and Gravel Association, Feb. 12, 1938. 


With proper attention to known principles, mixtures can be devised for any 
specific conditions within certain limitations. Limitations, however, because the 
best practice recognized in this country requires the use of trial mixes, a fact which 
refutes the postulate that the mixes are designed: the word “design’’ does not usually 
connote subsequent trial and error. 

According to present knowledge the quality of concrete is principally dependent 
upon the relative amounts of cement and water in the mixture, and the proportion- 
ing of mixtures is largely a matter of deciding upon the water-cement ratio and the 
amount and grading of aggregates that will produce workable concrete most economi- 
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cally. Within proper limits on ratio of fine to coarse aggregate to avoid high shrink- 
age mixes, and on workability to prevent formation of honeycomb and stone pockets, 
the combination of the available materials for maximum economy can be arranged. 
But to decide upon the combination that will produce suitable workability requires 
trial mixes, and in the case of concrete for pavements even trial mixes fall down 
because there is no known way of relating the workability of laboratory batches to 
the workability on the road under the placing conditions prevailing. 

A stumbling block to the real design of concrete mixes is the lack of a test for 
workability to identify the consistency of a mixture that will work properly when 
placed on the road. When such a test becomes available a first use that must be 
made of it is a study of the relation of the characteristics of aggregates to workability 
of concrete. 

Placement by vibration has recently introduced a new factor in the workability 
problem which must be studied in relation to proportioning. 

It should be possible to take samples of the cement and aggregates proposed for 
use in a given case, analyze them, measure their various properties, and from these 
data compute the relative amounts that when mixed together under definitely con- 
trolled conditions will produce concrete of known strength and workability for a 
specific method of placing, and with assurance of life within definite limits. I se 
nothing fantastic in such an exception; it can be done. But since we have not learned 
how to evaluate the properties we already recognize and measure, it is apparent 
that painstaking research of high scientific quality must be carried on to reach this 
goal. For instance, we know little about the volume changes of individual particles 
of sand, pebbles or crushed fragments and their effects. 


General requirements and technical conditions for the fabri- 
cation and construction of cement pipes 


Boletin de Obras Sanitarias de la Nacion, Jan. 1938, Vol. 2, No. 7, p. 111 
Reviewed by C. G. anp M. N. Ciatr 


This is a specification of the Dept. of Sanitary Works of the Republic of Argentina 
which is to be concluded in a subsequent number. Three chapters are given. The 
first chapter covers definitions and types of pipes which are considered, namely: 
those made with mortar with or without reinforcement and those made with concrete 
with and without reinforcement. It also classifies the pipe as to use, which includes 
‘arrying potable water, waste liquids from industrial plants, domestic sewage, storm 
or drainage water, and finally a class for carrying gases and vapors. Chapter 2 
covers requirements for materials. Cement is required to meet the Specifications of 
the Dept. of Sanitary Works of 1931 which refer to a normal portland cement. 
Very detailed instructions are given in regard to testing, identification, and approval 
of the cement before it is used. 

Sand is required to meet rigid grading requirements. Organic impurities are 
limited and the compressive strength of a 1:3 mortar must not be less than 75 per 
cent of the corresponding standard mortar. 

Stone or coarse aggregates are specified as to size and composition and must show 
their ability to make concrete of the required compressive strength at 28 days. The 
absorption of the aggregates is limited to 10 per cent by weight (this is an unusually 
high absorption but the limit is undoubtedly placed high because of the type of 
aggregates which they have to use). Water must be potable and tested for its possible 
effect on the cement. It is stated that the water-cement ratio is to vary in accordance 
with the moisture contents of the aggregates (this is apparently a misprint), but is 
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not to exceed 7/10. The inspector has the right to modify the water-cement ratio 
as he finds it necessary in order to get a proper mixture. 

Reinforcing steel is described as new billet steel with an ultimate strength of 56,700 
p.s.i. and with a yield point not less than 45 per cent of the maximum. A cold bend 
test of 180 deg. is required. Very careful handling, identification, and testing of 
the reinforcing steel is prescribed, including the wire ties for tying the reinforcing 
together. 

Further detailed instructions are given in regard to taking and approval of samples. 
It is required that samples of materials be submitted to the laboratory of the Bureau 
of Sanitary Works in glass jars with complete data as a source and characteristics. 

The working stresses are limited in the steel in tension to 11,374 p.s.i. In compres- 
sion in the concrete to 708 p.s.i. and tension 56.5 p.s.i. 

Chapter 3 deals with the manufacture or fabrication and gives quite detailed 
instructions in regard to the regulations for safety and health. This is followed by 
instructions in regard to mixing. Materials are required to be mixed dry and then 
water added. In no case can mortar or concrete that has been made more than 15 
minutes be used. The mortar for the pipe is specified as about 1:2.75 by volumes and 
concrete 1:1:3 by volumes. Consistency is determined by a flow table and the con- 
crete is required to be of a flow represented by 25 per cent increase in diameter. 


The plastic region in reinforced concrete beams 
R. Saricer, Beton und Eisen, Vol. 37, No. 1, p. 15, Jan. 5, 1938 teviewed by A. U. THEUVER 

Following an introduction outlining his objectives and criticizing certain discus- 
sions that have grown out of his original work on reinforced concrete beams, the 
author enters a general discussion. Under fundamental considerations the following 
statements are included. The concrete in the compressive zone of beams is destroyed 
at fracture. In heavily reinforced sections the steel yield strength is not developed. 
In lightly reinforced sections the yield strength is reached or even exceeded. Leaving 
very unusual materials out of consideration, all beams will fall into one of these two 
categories. The stress distribution over a cross section follows the stress-strain 
curve of the material. With a prism strength of ¢,, the area under the stress-strain 
curve will be equal to c.kd.o, where c is a constant assumed anywhere from 0.85 
to 1.00. An expression for the proper location of the neutral axis and a method for 
computing resisting moments are given. 

On the basis of two assumed material properties steel-yield strength and concrete 
prism strength, limits of reinforcement-strength are derived which will separate 
beams into three classes. (Reinforcement-strength is defined by the expression 

steel yield strength 
—— —————— X percentage of steel 
concrete prism strength 
or 8,4). These limits are made to depend on four quantities 8,, u, «, (total steel 
deformation), and ¢, (concrete fracturing deformation). By means of an illustrative 
example worked out for a specific case it is shown that with 8,. < 0.14 the stresses 
in the steel will exceed the vield strength before failure; with 8.1 > 0.61 the steel 
will not develop its full yield strength. Between these two limits the yield stress of 
the steel will be critical. In extending the analysis the following circumscribing 
statements are added. 

The greater the fracturing deformation of the concrete the higher the reinforce- 
ment strengths 8,u (and percent of reinforcement) will be for the region in which the 
maximum steel stress is equal to the yield strength. For the steel the reverse is true. 
The greater the elastic (or plastic) deformation of the steel the lower the two limits 
will be. 
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In the region where ce = o, (heavy rein.) and ce > o, (light rein.) the moment 
resistances increase markedly with an increase in the concrete fracturing deformation. 
For equal values of 8,4 and with steel of high strength and small deformability, the 
resisting moment of beams increases with decreasing plastic deformation. The 
smaller the fracturing deformation of the concrete the nearer these limits lie together. 
They can be determined only when the total deformation of the concrete at fracture 
and the stress-strain relations of the steel in the region of work-hardening are known. 
Within the limits where the steel stress is equal to its yield strength the deformations 
are without influence on the moment resistance of beams, since that depends on the 
value 8,u, a quantity derived from the particular materials used. In heavily and 
lightly reinforced beams the moment resistances increase greatly with increases in 
concrete fracturing deformation. High strength associated with small deformability 
results with equal (8,u)’s in increased strength with decreasing plasticity—(i. e. in 
the region of small y’s). This effect can be large. It is the region where the steel 
yield strength is critical that is most important in buildings. 

The author advances as a criterion the coefficient 8,u because it is a quantity inde- 
pendent of design assumptions and permits a unitary conception in comparisons of 
the resisting moments of beams of different concretes and steels. 

The results of several hundred beam tests drawn from many sources are plotted 





(8.4 against ) in such a way as to illustrate the degree of conformity of the 


Tp 
authors “Plastic theory” with fact. Several other graphs are also presented to bring 
out clearly the effect of different strengths of concretes and steels on the resisting 
moments. Mean tests values for increases in resisting moments with increases in 
concrete strengths are tabulated. Several other phenomena observed in tests which 
may be inferred directly from the author’s theory such as increased resisting moments 
with increased beam breadths, etc., are discussed. The deficiencies of the modular- 
ratio method of design leads up to a number of specific suggestions for alterations in 
the existing (Austrian) specifications. It is concluded in these that permissible 
loads, aside from considerations of cracking, can be determined on the basis of maxi- 
mum load and that beam failure is the only logical starting point. 


Critical considerations concerning new methods proposed for 
reinforced concrete designs 
A. Poaany, Beton und Eisen, Vol. 37, No. 6, p. 107, Mar. 20, 1938. Reviewed by A. U. Tuever 
The author enters a critical discussion of the modular ratio, the various proposed 
modifications of this ratio, and the complete elimination of this ratio from concrete 
design. Design methods are classified into four groups: the conventional, the modi- 
fied, the variable modular ratio, and the non-modular ratio methods. The modular 
ratio method is based upon a linear relationship between stress and strain. The 
non-modular ratio methods are characterized by the direct validation of practical 
test results in the plastic region (region of failure.) A continuous law no longer serves 
to express the o-e relationship throughout the full load range of a structural 
member. Author points out that the relationship of stress to strain is obtained by 
resort to a load test and to obtain maximum loads the test must be continued up to 
the point of fracture. To avoid destroying a structural member under test, deflec- 
tions can be measured under permissible loads, and a standard set up on this basis. 
Three important objections against making the latter type of test the basis for design 
are listed. In spite of these objections, the author concludes that a deflection test 
can not be rejected as a physical test method. The load to failure-test, he concludes, 
can well be made the basis of determining faulty designs, improper methods of rein- 
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forcing, proper mixes, ete., but for actual structural dimensioning he insists that a 
theory whereby the actual deflections of a structural member subjected to loads 
may be predetermined is a necessary requirement. 


The modular ratio method provides a closed system for determining stresses in 
any cross-section (and under any combinations of flexure, shear and torsion). It is 
pointed out, however, that solutions for any general case are mathematically involved 
and only for rectangular and T cross-sections are tables and solutions avilable. 
In statically indeterminate systems, methods of computations leave many problems 
unsolved. With the aid of n, supporting forces and moments may be determined 
but because of plasticity a general solution of these forces leads to great difficulty. 
The following points are raised against present methods of determining statically inde- 
terminate forces: (1) a constant F and a constant J are assumed in spite of variable 
reinforcement, (2) tests show that forces and moments at supports are considerably 
smaller than indicated by computations; elsewhere the moments are greater than 
indicated by theory. After some discussion the author mentions two changes in 
conventional theory to obtain better approximations in this respect: (1) adoption of a 
plastic theory (Melan), (2) adoption of a o-e law other than that of Hooke. The 
mathematical difficulties that enter with the adoption of either of these recommen- 
dations are explained with pertinent discussion regarding such tools as the principle 
of Least-Work, Work-deformation, influence lines, ete. 


Author points out that the idea of permissible stresses accompanies the idea of a 
modular ratio as built up on elastic theory. Since the same concrete combined with 
different reinforcements results in different permissible stresses, objections have been 
voiced by critics who proceed to make the breaking load the basis of determining a 
factor of safety. Ten very excellently worded statements summarize the principal 
objection of those who wish to modify the conventional design method. 


The author in very concise form summarizes the principal methods that have been 
proposed. Characteristic of all these methods is that of empirical (physical) approxi- 
mation. Design computations and labor are decreased but, as simple ideas resting 
on a rigorous elastic theory, they are all stated to be found wanting. 


The author then enters the following discussion. Assuming Hook’s Law to be 
correct, on the basis of Poissons reasoning, we will obtain six differential equations 
for the stress at a point. These yield 6 stress and 6 strain or a total of 36 constants 
to explain the o-e relations. Using an elastic potential the number is reduced to 
21, and assuming an isotropic body the number of elastic constants is further reduced 
to two. With reinforced concrete two no longer serve even when an n is adopted. 
Elastic theory as ordinarily applied does not consider influences arising either from 
shear or compressive lateral effects nor of local stress concentrations. St. Venants 
theory is stated to find but slight use in reinforced concrete design. Hence the num- 
ber of constants used in the case of the adoption of Hooke’s Law are insufficient. 
How then, author inquires, will it be when we replace Hooke’s Law by one more in 
agreement with actual stress-strain conditions? The author concludes on the basis 
of the above discussion that an elementary beam theory together with the following 
must be forgotten. (1) Bernoullis assumption regarding plane sections. This is 
declared sufficient only for the case of long slender beams loaded in flexure, but 
definitely incorrect for heavy sections. Shear stresses cannot be uniformly distributed 
and with uniform distribution of shear stresses cross-sections cannot remain plane. 
(2) The assumption that o,, ¢, and r,, disappear simultaneously. Author refers to 
lowes demonstration and American tests showing that lateral dcformations in 
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heavily reinforced sections are not negligible. (3) Hooke’s Law that o. = E.,X. 
Author states this idealization is well known to be greatly in error under heavy loads. 

The complications in shapes and the difficulties in determining external loads in 
actual structure make the rigorous integration of the resulting elastic equations 
impossible. Approximations are necessary. Since differences in dimensions in 
structural members are frequently large, plain stress conditions generally afford 
adequate solution. Mathematical accuracy is rejected if for no other reason than 
that the assumed external loads are usually crude approximations. 

As a final conclusion the author states that for the approximation theories, two 
checks are possible: (1) Whenever integration is possible, it should be carried out 
and used in addition to the flexure tests as a check on theory. (2) In all other cases 
the deflection test should be used. Mathematical difficulties are visualized. Hence 
in place of fixed formulas, nomographs and tables must be increasingly used. 


Publication of Discussion Deferred 


Publication of discussion of papers in the January-February 1938 
JOURNAL originally scheduled for this JouRNAL has been deferred. It 
is to appear in the Supplement to be issued with the next JouRNAL, 
September 1938, under the following titles: 


EFFECT OF TYPE OF TEST SPECIMEN AND GRADATION OF AGGRE- 
GATES ON COMPRESSIVE STRENGTH OF CONCRETE 


DETERMINING CONCRETE STRENGTH FOR CONTROL OF CONCRETE 
IN STRUCTURES 

VacuuM CONCRETE 

FLAT SLABS AND SUPPORTING COLUMNS AND WALLS DESIGNED AS 
INDETERMINATE STRUCTURAL FRAMES 

CIRCULAR FLAT SLABS, WITH CENTRAL COLUMN 

A RepuctTion METHOD FOR THE ANALYSIS OF CONTINUOUS 


BEAMS AND OPEN FRAMES 


The Supplement will also include discussion of papers published in 
March-April and May-June JourNALS. 
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Six Journals Instead of Five in Next 
Volume Year 


The present series of JouRNALS began in November, 1929 on a 
schedule of ten issues a year—every month September to June, 
both inclusive. A shrinking budget in the bad years brought the 
recent schedule to five issues a year, September-October, November- 
December, January-February, March-April and May-June. 

Volume 10 of the JouRNAL, embodying volume 35 of the Pro- 
ceedings, will begin with a September, 1938, JouRNAL as one 
step toward a resumption of the original schedule. No. 2 will be 
the issue of November; No. 3, January 1939; No. 4, February; 
No. 5, April; No. 6, June. Publication date will be the first of the 
month of the issue instead of the 10th. Issues in consecutive 
months, January and February, are to provide more convenient 
outlet in preprinting convention papers and reports. It is possible 
that some convention papers and reports may be preprinted as 
early as the November JOURNAL. 

Moving up the first JouRNAL issue of the new volume one month, 
getting it out in September instead of October will make it possible 
in its supplement with concluding parts of the current volume to 
close volume 34 and make it available by the last of September or 
early October. It will serve also to narrow the summer publication 
gap. (See further note about the Supplement, p. 4.) 

It is suggested that members of the Institute and JoURNAL sub- 
scribers take special note of this new publication schedule so that 
they will not suspect that they are failing to get all their JouRNALs. 
Note that there have not been and will not be JourNALs in July 
or August. And it would be well to get the habit of designating the 
JOURNAL issues by number rather than by month. Look for No. I 
in September, No. 2 in November, No. 3 in January, No. 4 in 
February, No. § in April, No. © in June. 


(1) 
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‘‘Job Problems and Practice’’ 


The Publications Committee wants to encourage prospective 
JOURNAL contributors in the idea that short, practical contributions 
may be more highly acceptable than comprehensive treatises. It is 
suggested that A. C. I. members read, if they have not already 
done so, the Convention address of Past President J. C. Pearson (in 
the first few pages of the March-April JourNAL) and an informal 
statement of A. C. I. policy in the “convention review’, page 2 
March-April News Letier. It is also suggested that they read the 
convention dinner address by Frank T. Sheets (in this JourNAL, 
“A Challenge—Shorten the Lag between Research and Practice’’). 
It seems that Mr. Sheets, in appraising recent A. C. I. work had 
been thinking along lines parallel to the thinking of members of 
the Board of Direction, which led up to the recent formulation 
of new policies. The Institute wishes to get closer to the job. 
We have a great deal of information which the industry is not 
using. If you, a member of the Institute, have learned a way 
to make the newer knowledge of concrete ‘click’? in job practice 
tell us about it. If you don’t know how to make it ‘click’ ask 
about it. For not only is the Institute in a receptive frame of 
mind in the Publications Committee for short contributions which 
get close to job practice, but the way is open for even shorter 
contributions of an interpretative nature in a new JOURNAL depart- 
ment shortly to be inaugurated under the title “Job Problems 
and Practice.’ Some of you will ask questions. Others of you 
will supply the answers. The Institute may thus be even more 
a mutual effort in the solution of problems arising in concrete 
design, construction and manufacture. The researchers supply a 
rastly important part of the efforts of the field to solve its problems. 
Interpreters are equally important—those who grasp the significance 
of research results to job experience. The research man’s work is 
made complete and serviceable when translated into terms appli- 
‘able to practice. 


Interpretative Synopses and Early Papers Required 


Hereafter the Institute will require of every contributor of a 
paper or a report a brief synopsis which will tell the purpose of the 
paper or report in terms of practice—what its relation is to some one 
or more of the problems of the field in getting better concrete 
structures. 
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To facilitate the process of getting out of every contribution the 
most service in the fewest words the Program Committee will 
require that papers it selects for convention presentation shall be 
available a considerable time previous to the convention. The 
Program Committee is working now formulating the subject matter 
of the 1939 convention to be held in New York, February 21, 22 
and 23 next. (If you have suggestions for the committee send them 
on at once). 


A. C. I. Will Classify Member Interests 


All Institute members will soon be asked to help in a poll to set 
up two types of member classification—in reference to their pro- 
fessional or job connections and in reference to their dominant 
interests in relation to the varied nature of problems of the field. 
Members will receive cards on which they will be asked to classify 
themselves in these two ways. It is to be hoped that members 
will read carefully the suggestions accompanying the cards before 
they put on the requested check marks and that they will then 
return the cards promptly. It is assumed that every intelligent 
person in the field of concrete is interested in new knowledge which 
he can put to use and is therefore interested in research. Men who 
do the research work are interested in the methods and procedures 
of research, and it is assumed that the bulk of the Institute mem- 
bership is interested in what the researchers find out, not in how 
they find out. This members of the Institute receiving the new 
classification cards will be particularly asked to indicate what their 
active dominant interests are and to check the subject of research 
only when their interests are those of a research man in research 
procedure. 

There has also been a tendency in responses to previous efforts 
at classification of A. C. I. members for a considerable number of 
members to classify themselves many times in relation to the fields 
in which they are interested. This poll of interest will ask members 
to confine their check marks to but two of the classifications. It 
is important to know members’ dominant interests. 

Again, in connection with professional or job status. There is a 
tendency for the individual not to recognize his own group in a 
general classification. He is inclined to want to add a special 
classification. That is human but usually not helpful. So we 
ask members of the Institute to scan these classification cards care- 
fully and then fill them out promptly. This will enable the Board 
of Direction and the administrative committees of the Institute to 
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know, first in statistical fashion, and second in detail, who the mem- 
bers of the Institute are and what, aside from their jobs, their domi- 
nant interests are. 


An Important JourRNnAL Supplement in September 


The next JourNAL following this one will be the issue of Septem- 
ber. It will carry with it a Supplement in separate covers. This 
Supplement will be the concluding part of the current volume 34, 
of the Proceedings. It will carry the final discussion of papers 
published in January-February, March-April and May-June. The 
supplementary folios with which readers of the JouRNAL are now 
familiar, make it possible when the Proceedings sections of the 
JOURNAL are bound to make an annual volume, to insert these dis- 
cussions immediately following the papers or reports prompting 
them. 

In addition to closing discussion on papers in Proceedings volume 
34, the Supplement to be issued with the September JouRNAL 
will also contain, to become a part of Proceedings volume 34, a 
new Directory of Institute members corrected to July 1, a list of 
Institute committees and other information about the Institute 
usually published in the Membership Directory. Thus all mem- 
bers of the Institute who depend upon the JourNAL only for 
reference will have this information in a separate pamphlet. Those 
members of the Institute who have the bound volume in addition 
will have this information preserved also in the bound volume. 

Among other things to be published in the September Supplement 
are Committee rules newly adopted by the Board of Direction 
with respect to the activities of administrative and technical com- 
mittees of the Institute. 
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Who's Who in This A. C. I. Journal 


Frank T. Sheets 

who smilingly scolded the Institute at 
its 34th Annual Dinner with his ‘A 
Challenge—Shorten the Lag between 
Research and Practice’ is the com- 
paratively new president of the Port- 
land Cement Association and was 
further identified in this Journal 
September-October 1937) with many 
years of activity in the field of concrete 


H. S. Meissner and 

S. E. Smith 
the first an A. C. I. member since 1935 
and Mr. Smith a prospective member, 
contributed out of a fund of Bureau of 
Reclamation Experience, “Concrete 
Covering Compounds” to the 34th 
annual convention and to this JOURNAL. 

Mr. Meissner is in charge of the 
cement section of the Bureau of 
Reclamation laboratories in Denver. 
He is a graduate in C. E. from the 
University of Utah in 1922 and of 
George Washington University, from 
which he received the M.S. degree in 
1929. For three years he was engaged 
in Maintenance-of-way work on the 
Southern Pacifie Railroad, followed by 
five years valuation work with the 
Interstate Commerce Commission. 
The lure of big jobs and concrete 
construction at rates of 10,000 cu. yds. 
per day attracted him and he trans- 
ferred to the Bureau of Reclamation 
at the beginning of Boulder Dam. He 
had an interesting part in the develop- 
ment of low-heat cement for that 
project which was described by him in 
the Sept.-Oct. issue of the JouRNAL in 
1933, under the title “Development of 
Large Calorimeter Rooms and Auto- 
matic Temperature Controls for Adia- 
batie Curing of Mass Concrete.” In 
the previous March-April JourRNAL, he 
appeared as co-author with R. F. 
Blanks and C. Rawhouser in the 





contribution “Cracking in Mass Con- 
crete.” He is an Assoe. Member of 
the Am. Soc. Civ. Engineers, a member 
of the Society of Sigma Xi and holds a 
commission as Captain of Field Artil- 
lery, U. S. Reserve Corps. 

Mr. Smith, co-author with Mr. 
Meissner of the current paper took his 
B.S. degree in Civil Engineering at the 
University of California in 1928; M.S. 
at the University of Southern Cali- 
fornia in 1933. His engineering back- 
ground includes work as materials 
engineer for the Department of Water 
& Power of the City of Los Angeles 
from 1928 to 1935, and as Associate 
Engineer with the Bureau of Reclam- 
ation from 1935 to date. His principal 
work with the Bureau has been the 
study and formulation of specifications 
for paints and protective coatings. 


F. R. McMillan 

who as Vice-chairman of Committee 
108, Properties of Mass Concrete 
made his brief but important contri- 
bution “Field Secrecy of Mass Con- 
crete” to the Committee’s excellent 
convention session which briefed the 
subject of ‘‘mass concrete,” has, as a 
former Institute president, Wason 
medalist (“The Concrete Primer’’) and 
worker in the ranks, been so active in 
A. C. I. affairs as to need no further 
identification. 


J. W. Kelly 

A. C. I. member since 1926, Wason 
medalist as co-author with R. E. Davis, 
R. W. Carlson and G. E. Troxell in 1934 
of “Cement Investigations for Boulder 
Dam with Results up to the age of one 
year, is Research Engineer, Engineer- 
ing Materials Laboratory, University 
of California. Also as a member of 
Institute Committee 108, he econ- 
tributed to the digest of that com- 
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mittee’s forthcoming report: “Some 
Time-Temperature Effects in Mass 
Concrete.” As chairman of A. C. I. 
Committee 611, Inspection of Concrete 
he has just recently delivered to the 
Secretary a second draft of the Insti- 
tutes proposed “Manual of Concrete 
Inspection”—this second draft, the 
outcome of his committees’ reactions 
to his first draft. Since it aims not 
only to tell the Inspector what to do 
but why, it gives promise of large 
demand. For further information 
about Mr. Kelly see these pages for 
January-February 1935. 


John J. Earley 

who, as usual writes about architectural 
concrete of the exposed aggregate type, 
this time in connection with the 
Edison Memorial Tower and A. C. I. 
committee 412, has been an A. C. I. 
member for 21 years, is a Wason medal- 
ist and a Turner medalist and now the 
Institute’s president. 


George A. Maney 

who this time asks and answers the 
question, “Should the Type of In- 
determinate Problem Determine Its 
Method of Solution” has 
Institute member since 1925, became 
a Wason medalist for his 1936 paper: 
“Analysis of Multiple Rigid 
Frame Bridges by the Slope Deflection 
Method.” He is Professor of Structural 
Engineering at Northwestern Univer- 
sity——for further information see these 
pages for March-April 1936 and Jan.- 
Feb. 1937. 


Wilbur M. Wilson and 
Ralph W. Kluge 


both new members of the Institute, 
contributed ‘Tests of Rigid Frame 
Bridges,” Professor Wilson is Re- 
search Professor of Structural Engin- 
eering, University of Illinois, 
according to ““‘Who’s Who in Engineer- 
ing’, was born at West Liberty, lowa, 
July 6, 1881; educated Iowa State Col- 
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lege (B.M.E. 1900), Cornell University 
(M.M.E. 1904), Iowa State College 
(C.E. 1914). He was 
Instructor in Mechanical Engineering 
lowa State College, 1901-1903; Grad. 
Fellow, Sibley College, Cornell Univ., 
1903-1904; Assistant Professor in 
Mechanical Engineering Iowa State 
College, 1904-1907; a practising Struc- 
tural Engineer 1907-1913; 
Professor in Structural Engineering, 
Univ. of Ill, 1913-1917; Capt. and 
Major of Engineers, U. S. R., U. 8. 
Army, 1917-1919; Associate Professor 
of Structural Engineering, Univ. of UL., 
1919-1922; Research Professor of Struc- 
tural Engineering, Univ. of Ill., 1922 
to date. He was awarded Chanute 
Medal by Western Society of Engineers 
1915 for paper “Wind Stresses in the 
Steel Frames of Office Buildings’’ and 
again in 1937 for “Present Status of 
Structural Welding” the James J. R. 
Croes Medal by the American Society 
of Civil Engineers, 1936 for “‘Labora- 
tory Tests of Multiple-Span Reinforced 
Concrete Arch Bridges,” author: num- 


successively 


Assistant 


erous articles in science and technical 
journals; mem. A. 8. C. E., A. 8. T. M., 
.. oo oe, A Be Be By W..O.. Ee, 
nT. me oye WO,» a ee. B. E., 
I.S8. E. His hobby is Colorado farming. 

Mr. Kluge is Special Research 
Associate in Theoretical and Applied 
Mechanics, University of Illinois. He 
took his B.S. degree in 1928 and M.S. 
degree in 1930 in Civil Engineering 
from Illinois; was Instructor 1930-31, 
Special Research Assistant 1931-34 and 
Special Research Associate 1935-37 all 
in the Department of Civil Engineer- 
ing, University of Illinois. Associated 
with Professor Wilson in laboratory 
tests of Multiple-Span Concrete Arch 
Bridges, Concrete Rigid Frame Bridges, 
and with Prof. F. E. Richart on Tests 
of Concrete Hinges and Investigation 


He is 


a Junior Member of American Society 


of Highway Bridge Floor Slabs. 


of Civil Engineers. 
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Eric C. Molke and John E. 

Kalinka 
contribute “Principles of Concrete 
Shell Dome Design” to this issue. Mr. 
Molke, a Sudeten German by birth, 
graduated from the Institute of Tech- 
nology in Vienna in 1923, and worked 
for three years in former Austria on 
industrial and hydraulic structures. 
In 1926 he emigrated to Canada, 
where he was employed for several 
years as designer with the Truscon 
Steel Co.; subsequently as engineer in 
charge of concrete design for the Hydro 
Electric System of the City of Winni- 
peg, and later with the Engineering 
and Pile Driving Co. in Montreal. 
He was Assistant Engineer for E. 
Gohier, Consulting Engineer on wharf 
and shed constructions along the St. 
Lawrence River, designing engineer on 
power developments for H. G. Acres 
Co., Consulting Engineers, Niagara 
Falls, and for the last year has been 
connected with the Roberts and 
Schaefer Co., Chicago. 

In his work on hydraulie structures 
he first became acquainted with the 
theory of shells, such as in the design 
of pressure vessels, pipelines, scroll- 
casings, surge tanks, ete. in concrete 
and steel. He is very happy now enjoy- 
ing his association with the intro- 
duction and practical application of 
the Z.D. shell theory for concrete roof 
structures in the United States. 

Mr. Kalinka, born 1888, a native of 
Tyrol, Austria, a grandson of the 
renowned Alpine bridge and tunnel 
builder Wolf, a graduate of the 
Institute of Technology (University) 
in Vienna and an internationally known 
sportsman, started his career as an 
engineer with the Southern Railways of 
Austria on harbor construction in 
Trieste. Later he entered the Austrian 
Army, serving first in the infantry and 
later as a captain in the Engineering 
Corps. He was twice wounded in the 
War and received several medals for 





meritorious service, both in military 
and civil capacity, particularly as 
commander in charge of large railroad 
terminal design and construction. 

After the War he was again con- 
nected with railroad and bridge work 
and acted as a consulting civil engineer 
in Yugoslavia. John Kalinka came to 
this country in 1923 to participate in 
the construction of conerete arch 
bridges around Pittsburgh. He served 
for one year as an engincer with the 
Pennsylvania Railroad Co. and in 1925 
entered the Railroad Department of 
Roberts and Schaefer Co., Chicago, 
as a designing engineer, later to become 
their Chief Structural Engineer. 

In this capacity he was instrumental 
in improving the design and con- 
struction practices of concrete struc- 
tures. Concrete being his hobby and 
specialty for practically 30 years, he 
became a member of the A. C. I. 
shortly after his arrival in the United 
States and has served on several com- 
mittees. He was also elected member 
of the Society of Military Engineers 
and the A. R. E. A., serving on the 
Masonry Committee. 


In 1932 he was instrumental in intro- 
ducing in the United States the Z-D 
construction and in 1934 was promoted 
to Chief of this new department of 
Roberts and Schaefer Co. and of their 
Railroad Department, and at the same 
time became a member of the Board of 
Directors. He is now Vice President 
of the company. 


C. A. Bullen 


being unduly modest, could be identi- 
fied in these columns, last issue, 
only as Superintendent W. 8. Bellows 
Construction Co., which did the job 
Mr. Bullen described in his paper 
(March-April): Construction of the 
San Jacinto Memorial. It now appears 
(thanks to a friend of Mr. Bullen) 
that at age 20 he was graduated from 
the Engineering School of the Oregon 
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State College at Corvallis, Oregon. 
Then he went to work for the Portland 
Cement Association Research Labora- 
tory under Duff Abrams while they 
were still located at the Lewis Institute. 
April 15, 1927, he left the Association 
to go to the Lehigh Portland Cement 
Co. as Service Engineer until Novem- 
ber, 1930. when he became engineer 
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in charge of ready-mixed plants for 
Dolese Brothers Co., Chicago. He 
was with them until about two years 
ago when he made his present con- 
nection with Bellows. Bullen had 
entire charge of the work on the monu- 
ment, in fact Mr. Bellows was in Europe 
on his vacation most of the time during 
the construction. 


New Members 


Thirty-six applicants for A. C. I. 
membership in March and April have 
been approved by the Board of 
Direction as follows: 


Anaya y 8, Manuel, Comision Nacional 
de Irrigacion, Angostura, Son., Mex- 
ico. 

Ball, Donald G., 
Belmont; Mass. 

Bransford, Howell A., Jr., Pennsyl- 
vania Dixie Cement Corp., James 
Bldg., Chattanooga, Tenn. 

Chadwick, W. L., c/o So. Calif. 
Edison Co., 601 W. 5th St., 
Angeles, Calif. 

Cheng, T. P., 309-17th Ave., S. E., 
Minneapolis, Minn. 

Cross, Edward A., 991 
Toronto, Ont., Canada. 

Cutt, Leonard C., St. George’s House, 
St. George’s Terrace, Perth, Western 
Australia 

Dell, George H., 201 Engineering Hall, 
University of Illinois, Urbana, Ill. 

Deutschbein, H. J., 30 Rockefeller 
Plaza, New York, N. Y. 

Dixon, Arthur E., 943 N. Tyndal, 
Tuscon, Ariz. 
Dobler, Oscar 5&., 
Boston, Mass. 

Fuller, M. G., Bin 5, Vinita, Okla. 

Fyall, Douglass, City Engineer’s Office, 
Durban, So. Africa 

Garland, Chesley F., 12 Lewis Road, 
Belmont, Mass. 

Gibson, Arthur E., 35 Waldeck St., 
Dorchester, Mass. 


8 Frederick St., 


Los 


Bay St., 


507 Beacon St., 


Gibson, E. L., Room 920, 111 W. 
Monroe, Chicago, Ill. 

Gyengo, Tibor, Gyori-ut 5, Budapest, 
1, Hungary 

Hudson, William N., 
Ave., Buffalo, N. Y. 

Innamorati, A. W., 135 
Clinton, Mass. 

Jespersen, C. Friis, c/o The 
Cement Company, Ltd., 
near Bangkok, Siam 

Kluge, Ralph W., 116 Materials Test- 
ing Laboratory, University of Ill- 
inois, Urbana, III. 

Lambert, Joseph M., 1657 N. 
St., Philadelphia, Pa. 

McCluer, Sam, 
Carolina 

McGillivray, Harold Joseph, 210 Vine 
St., Everett, Mass. 

MacBride, D.S., HerculesCement Corp., 
1700 Walnut St., Philadelphia, Pa. 
MacDonald, J. B., 718 Granville St., 

Vancouver, B. C., Canada 
Morgan, Charles E., 6036 No. Clare- 
mont, Chicago, Ill. 


418 Richmond 
Clark St., 


Siam 


Bangsue, 


Felton 


Hiwassee Dam, No. 


Nenniger, E., Arthur Surveyer & Co., 
1003 Dominion Square Bldg., Mont- 
real, Canada 

Newton, Donald, 5 West Hall, Tufts 
College, Medford, Mass. 

Shanley, Edmund M., 2763 Madera 
Ave., Oakland, Calif. 

Somers, Robert E., 1132 South 5lst 
St., Philadelphia, Pa. 

Stedje, J. J., 5747 


Chicago, Ill. 


Christian Ave., 
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Waller, J. H. de W., 16 Molesworth St., 
Dublin Ireland 

Wertz, Louis 8., 9 S. Clinton St., 
Chicago, Il. 

Wilson, Wilbur M., Talbot Laboratory, 
University of Illinois, Urbana, III. 

Wright, Leslie E., Box 112, Arkport, 
N. Y. 


Dr. Arthur Newell Talbot 

The Materials Testing Laboratory 
of the University of Illinois has been 
re-named the Arthur Newell Talbot 
Laboratory, in honor of Prof. Arthur 
Newell Talbot. This change was effec- 
tive Thursday, April 21, and was sig- 
nalized in a convocation and dinner 
when the Board of Trustees and the 
faculty of the University of Illinois 
through the College of Engineering 
brought together many of Doctor 
Talbot’s warm friends and admirers 
throughout the country to do him 
honor on the occasion of the celebra- 
tion of nearly 60 years in which as a 
student, a teacher and a director of 
research he had been associated with 
the University of Illinois. Doctor 
Talbot is an Honorary member, and a 
Turner Medalist of the Institute. 


Correction—Stanton-Meder 

paper 

Serambling the cuts and captions of 
Fig. 2 of the paper “Resistance of 
Cement to Attack by Sea Water and 
by Alkali Soils” by Thomas E. Stanton 
Jr. and Lester C. Meder in the March- 
April JourNAL made difficult the 
proper identification of the specimens 
shown. The captions should be as 
shown below: 


Apologies to D. G. Miller 


One of those proof reading lapses 
which are the bane of all publishers 
was unkind to D. G. Miller, Senior 
Drainage Engineer, United States 
Dept. of Agriculture, University Farm, 
University of Minnesota, St. Paul, 
Minn. In the footnote appearing in 
the March-April JouRNAL in connection 
with the presentation of Mr. Miller’s 
paper, “Factors which Influence the 
Durability of Concrete Stave Silos,” 
the word “senior’’ came out in the 
published JouRNAL 


‘ 


‘sewer’. Please 
“senior’—in 
the 6-point footnote at the bottom of 


page 381. 


correct it on your copy to 


Paul L. Battey 


member of A. C. I. since 1937 an- 
nounces a new organization. The firm 
of Battey & Kipp, Inc. was dissolved 
December 30th last, Alfred R. Kipp, 
having retired. Battey & Childs 
(Leonard C. Childs) a co-partnership, 
formed simultaneously, is carrying on 
in the same location with the same 
organization and specializing in the 
same field of industrial engineering and 
design. 


Louis F. Clousing 


member of the American Concrete 
Institute since 1925, and for some years 
Building Inspector of Minneapolis, 
Minn., was elected President of the 
Building Officials Conference of Amer- 
ica at its 24th annual convention, in 
March last, in Washington, D. C. 


Fic. 2—ConDITION OF SPECIMENS (SERIES 2) AFTER EXPOSURE TO 
ALKALI SOIL FOR 12 MONTHS (AT LEFT) AND 24 MONTHS (RIGHT) 
Top pair of groups, “K’’ brand—left to right, the five vertical rows of specimens 

are identified as KS, KSR, KM, KSR and KM. 

Center pair of groups, “L’’ brand—the six vertical rows, left to right are: LS, 


LO, LSR, LM, LSR and LM. 


_ Bottom Pair of Groups, “C” brand—the four vertical rows, left to right are iden- 
tified by the symbols, CS-2, CH1-2, CL-2 and CL-2 (the last one in the 24-month 


group, extreme right). 
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CME ee SO ee 
H. R. Browne 


member of the American Concrete 
Institute since 1932, Chief Chemist of 
the Michigan Alkali Co., Wyandotte, 
Mich., and Technical Director of the 
Huron Portland Cement Co., died 
January 19. Mr. Browne also had 
technical connections with Libbey- 
Owens-Ford Glass Co., and the Wyan- 
dotte Portland Cement Co. Mr. 
Browne was born in Manchester, 
England, December 6, 1871; came to 
the United States when he was 20 years 
old as Chief Chemist for Michigan 
Alkali Co., then in its infancy. About 
1897 he went with the Mathieson 
Alkali Co., in a similar capacity at 
Saltville, Va., until 1900 when he 
returned to his former position at 
Wyandotte. He was a man of many 
interests. He managed the Michigan 
Alkali Club baseball team in the old 
Trolley and Border Leagues for several 
years, was a Vestryman of St. Stephen’s 
Episcopal Church for many years, 
Past Master of Wyandotte Lodge 
F & A M and Past High Priest of 
Chapter. He was a member of Grosse 
Ile Golf and Country Club. He served 
on the Naval Consulting Board during 
the world. Aside from his member- 
ship in the American Concrete Institute 
he was also a member of the American 
Chemical Society. 


Highway Research papers 


The Highway Research Board an- 
nounces the publication of its volume 
17, Proceedings, Highway Research 
Board with an impressive list of con- 
tents, much of it, in the divisions of 
design and materials and construction, 
of interest in the field of concrete. The 
book sells for $2.25, presents the papers 
and reports presented at the 17th 
annual meeting, Highway Research 
Board, December, 1937. 
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Puzzle-anas 


Under this heading will appear from 
time to time one or more selected prob- 
lems submitted by readers of the 
JouRNAL. The Editor would welcome 
a definite expression of interest in the 
column, pro or con. If problems give 
rise to a considerable number of in- 
quiries, solutions will be published, 
otherwise answers will be mailed indi- 
vidually only to those who request 
them. 








Dollars and Sense (?) 

Note the difference in the two follow- 
ing versions of a recent widely circu- 
lated problem: 

I. I have a certain amount of money. 
If you give me dollars for cents, and 
cents for dollars, in place of the amount 
I now have, I could buy a second-hand 
automobile for $79.20, and still have 
left the amount I now possess. How 
much have I? 

Il. I have a certain amount of 
money. If you give me dollars for 
cents, and cents for dollars, added to 
the amount I now have, I could buy a 
second-hand automobile for $79.20, and 
still have left the amount I now possess. 
How much have I? 

How many legitimate answers are 
there to each of these problems? 


Detour (?) 

A train consisting of one engine and 
two cars met a similar 3-unit train on 
a single track. Between them was a 
turntable that could take only two 
units at a time. How were the trains 
able to pass each other and proceed 
with engines and cars in the same 
relative positions as when they met? 


One for the Fire-eaters 


A B C 
CO [ a 
a £ ° 
D E F 


A, B and C are 3 houses, D, E and F 
are 3 hydrants. Can you show how 3 
lines of hose can be laid from each 
hydrant to the three houses, without 
any line of hose crossing over any other? 


a a ee 
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HEAVY-DUTY 
FLOORS 


RESURFACED OVER A WEEK-END 





USY industrial floors wear out, have to be replaced. When 
that time comes, it will pay to keep these well-known facts 
in mind: 


The concrete has to be strong, dense and watertight, to 
stand up under hard wear and constant exposure. That means 
well-made concrete—and, above all, thorough curing. 


If freshly-placed concrete can be kept wet 7 to 10 days, 
Lone Star Cement will produce the long-wearing, non-dusting 
floors you need. But, if the floor can’t be kept out of use, 
‘Incor’ 24-Hour Cement—which cures thoroughly in 24 to 48 





hours—makes it possible to resurface over a week-end and get 
the same kind of strong, dense, durable concrete. 


These two Portland cements cover the entire range of con- 
creting problems: Lone Star, for the every-day jobs, where 
high strength, unusual durability and all-around dependability 
are needed; ‘Incor’*, where these qualities plus high early 
strength and rapid job-curing are required. Write for illus- 
trated book, “Heavy-Duty Floors.”” Lone Star Cement 
Corporation, Room 2249, 342 Madison Avenue, New York. 


*Reg. U.S. Pat. Off. 


LONE STAR CEMENT CORPORATION 


MAKERS OF LONE STAR CEMENT - - - ‘INCOR’ 24-HOUR CEMENT 
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Longstreth Medal for Z-D 
System of Monolithic 
Construction 
The Franklin Institute, Philadelphia, 

through its Committee on Science and 

Arts, on Friday, May 20, awarded to 

Carl Zeiss and Dyckerhoff and Wid- 

mann, A. G. (Zeiss-Dywidag) the 

Edward Longstreth Medal for the 

development of the Z-D System of 

monolithic concrete construction. Full 
credit was given to the engineers who 
invented this system of. construction. 

The medal was awarded at the dedi- 

cation ceremonies of the Franklin Insti- 

tute Memorial, Philadelphia. Amer- 
ican representatives of this type of 
construction are the Roberts and 

Schaefer Co. of Chicago, which has 

erected in the United States a number 

of notable structures of this type dur- 
ing the last year, among them the 

Hershey Ice Palace at Hershey, 

Pennsylvania, the Great Bend, Kansas 

Municipal Auditorium, the Haverford 

Skating Rink, Haverford, Pennsyl- 

vania, and others. Readers are referred 

to the 1938 convention paper in this 
issue, “Principles of Concrete Shell 

Dome Design” by Molke and Kalinka. 


Washington Award to 

Doctor Jewett 

Through the Western Society of 
Engineers announcement has_ been 
made that the Washington Award 
Commission presented the Washington 
Award for 1938 to Dr. Frank Baldwin 
Jewett for “inspiring and directing 
scientific research leading to improve- 
ments in the art of communication.” 
The ceremonies in this connection were 
in Chicago on Thursday, May 5. 
Doctor Jewett, a pioneer in the 
organization and direction of industrial 
research laboratories, President of 
Bell Telephone Laboratories, Vice- 
President of the American Telephone 
and Telegraph Co., was born in Pasa- 
dena, Calif., September 5, 1879. 





Every square inch of rail steel 
reinforcement provides not less 
than 50,000 pounds of useful 
elastic strength which may be 
applied to design economy or 
safety or both. In the trend 
to high-elastic-limit materials 
this basic property of rail steel 
cannot be overlooked. Rail 
steel is specified by referring to 
A.S.T.M. Specification A 16-35 
or to Federal Specification OQ- 
B-71. Detailed information 
may be obtained by writing the 


Rail Steel Bar Association 
Builders Building, Chicago 


RAIL STEEL 


for concrete 
reinforcing 
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60,000 


Pounds pet Aquare inch 














THE AMERICAN CONCRETE INSTITUTE 


SINCE its organization in 1905 the AMERICAN CONCRETE INSTITUTE 
has been devoted to the solution of technical problems arising from 
the use of cement in concrete and reinforced concrete and to the 
dissemination of information in this field of interest. It has sought 
to organize the needs and the curiosity of its members and the coopera- 
tion of many agencies outside that membership, to promote studies 
of the properties of concrete and of reinforced concrete and of their 
constituent and auxiliary materials, for the improvement of concrete 
design, construction and manufacture. 

Annually since 1905 the Institute has held a convention; annually 
it has issued a volume of Proceedings and in these maintained a forum 
for the presentation and discussion of significant developments in the 
theory and practice of its field. 


Since 1929 this work has been further facilitated by the publication 
of the JouRNAL OF THE AMERICAN CONCRETE INSTITUTE, monthly 
except July and August*, affording more frequent contact with mem- 
bers and with the engineering profession generally. 

The JouRNAL contents include: 

Papers, reports and discussions originating in its own technical 
program. 

Current Reviews, prepared by members, of the more outstanding 
and significant contributions to the literature of concrete, as these 
become available in the world’s books, periodicals and engineering 
bulletins. 

The Job Problems and Practice Department, newly inaugurated 
for the fall of 1938, for brief contributions from the experience of 
members. 

News Letter pages presenting the news of the Institute and of 
developments and events tending to stimulate Institute work. 

The work of the Institute is maintained by the dues paid by mem- 
bers and revenue from the additional sale of its publications. The 
scope of that work is evident in the list of contents of the annual 
volumes of Proceedings. The character of the work must be judged 
by a study of the work itself and by the personnel which has done 


*This schedule was reduced so that: JournaL Vol. 4 (Proceedings Vol. 29) consists of 8 issues; 
JourNAL Vol. 5, 6, 7, 8 and 9 (Proceedings Vol. 30, 31, 32, 33 and 34) is each complete in 5 issues. 
JourNaL Vol. 10 (Proceedings Vol. 35) has a schedule of six issues, on the first of the following months, 
September and November 1938, January, February, April and June, 1939 


(721) 
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that work, for, very naturally the Institute’s aims and its disinterested 
search for the guidance to be found in authoritative data have attracted 
a membership and a leadership which have constantly strengthened 
and furthered those aims. 


Since A. C. I membership is not professionally or industrially 
homogeneous, its common ground of interest is in dependable basic 
knowledge of materials and of good practice in their use. It is not 
concerned with industry in an industrial sense. It’s program is 
therefore free of the tendencies toward biased domination which 
often spring from a one-group viewpoint. The membership is recruited 
from among all those engineers, architects, contractors, manufacturers, 
research workers, chemists, physicists, and students who find the 
stimulus of adventure in solving the problems of a material which 
itself has solved more and more problems of engineering and archi- 
techtural economy and about which there is still so much to learn. 


Annual dues (there is no initiation fee) in the various member classes, 
are: 


Members: 
Individual $10.00 
Firm, Corporation, Society or 
Other Organization 20.00 
Contributing Members 50.00 
Student Members 4.00 


Life Members (see Article IV, Sec. 1, By-Laws). 
Dues include JouRNAL subscription. 
Non-Members may subscribe to the JouRNAL at $7.50 per year. 

The American Concrete Institute provides a comradeship in finding 
the best ways to do concrete work of all kinds and in spreading that 
knowledge. Further information may be had by addressing the 
Secretary, AMERICAN CONCRETE INsTITUTE, 7400 Second Boulevard, 
Detroit, Michigan. 














Charter 


(The original charter as it appears below was granted to The National Associa- 

tion of Cement Users. An amended Certificate of Incorporation, au horized 

by the Board of Direction May 29, 1913, drawn by the President and Secretary 

July 1, 1913, recorded July 2, 1913 in the office of the Register of Deeds, of the 

District of Columbia, changed the name of the organization to American Con- 
crete Institute.—Secretary) 


KNOW ALL MEN BY THESE PRESENTS, That we, the undersigned, 
all of whom are citizens of the United States, and a majority of whom are resi- 
dents of the District of Columbia, have associated ourselves together for the 
purpose hereinafter set forth and desiring that we may be incorporated as an 
Association under sub-chapter three (3) of the Incorporation Laws of the Dis- 
trict of Columbia, as provided in the Code of Law of the District of Columbia, 
enacted by Congress and approved by the President of the United States, do 
hereby certify: 


1. Name. The name of the proposed corporation is “The National Asso- 
ciation of Cement Users.” 


2. Term of Existence. The existence of the said corporation shall be 
perpetual, 


3. Objects. The particular business and objects of the said corporation 
shall be to disseminate information and experience upon and to promote the 
best methods to be employed in the various uses of cement by means of conven- 
tion, the reading and discussion of papers upon materials of a cement nature and 
their uses, by social and friendly intercourse at such conventions, the exhibition 
and study of materials, machinery and methods and to circulate among its mem- 
bers by means of publications the information thus obtained. 


4. Incorporators. The number of its managers for the first year shall be 
fifteen. 


In Witness Whereof. we have hereunto set our hands and seals this four- 
teenth day of December, A. D., 1906. 


RICHARD L. HUMPHREY, (SEAL) 
JOHN STEPHEN SEWELL, (SEAL) 
S. S. VOORHEES. (SEAL) 


OFrFrice OF REcORDER OF DEEDs, 
District OF COLUMBIA. 
This is to certify that the foregoing is a true and verified copy of a Certificate 
of Incorporation, and of the whole of such Certificate as received for record in 
this office at 9:49 a. m., the 19th day of December, A. D., 1906. 


In testimony whereof I have hereunto set my hand and affixed the seal of thig 
office, this 20th day of December, A. D., 1906. 


(Signed) R. W. DUTTON, 


(SEAL) Deputy Recorder of Deeds, 


District of Columbia. 
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By-Laws* 
ARTICLE I MEMBERS 


Section 1. This Institute shall consist of Members, Contributing Members, 
Student Members and Honorary Members interested in furthering the Institute’s 
objects as set forth in its Charter. 

Sec. 2. A Member or a Contributing Member may be a person, firm, corporation, 
society or other organization. A Student Member shall be a student in residence 
at a recognized technical or engineering school. An Honorary Member shall be a 
person of eminence in the field of the Institute’s interest, or one who has performed 
extraordinarily meritorious service to the Institute. 

Sec. 3. A Member or Contributing Member shall be proposed by two Members of 
the Institute and elected by a two-thirds vote of the Board of Direction. A Student 
Member shall be proposed by a member of the faculty of his institution and elected 
by a two-thirds vote of the Board of Direction. An Honorary Member shall be 
nominated by ten members of the Institute and elected by unanimous vote of the 
Board of Direction in secret ballot. 

Sec. 4. All members shall have all rights and privileges of membership as deter- 
mined by the Board of Direction except that a Student Member shall not vote nor 
hold office. The status of a Student Member shall change automatically to that of 
Member on the first anniversary of his membership succeeding the date on which he 
ceases to be a student in residence. 

Sec. 5. A firm, corporation, society or other organization holding membership 
may name one individual as its representative who shall enjoy all membership rights 
and privileges. 

See. 6. Applications for membership on forms prescribed by the Board of Direction, 
and resignations from membership, shall be presented in writing to the Secretary- 
Treasurer. Resignations may be accepted only from members whose dues are not 
more than sixty days in arrears, except by special action of the Board of Direction 

ARTICLE II OFFICERS 

Section 1. The officers shall be a President, two Vice-Presidents, six Regional 
Directors (one from each of six geographical districts), three Directors-at-large, and 
the Secretary-Treasurer, who with the five latest, living Past Presidents who con- 
tinue to be members, shall consititute the Board of Direction. 

See. 2. The Board of Direction shall from time to time divide the territory occupied 
by the membership in the six geographical districts to be designated by numbers, 
each to be represented by a Regional Director, as provided in Section 1. 

Sec. 3. The President, Vice-Presidents, Directors-at-large, Regional Directors, 
and five members of a Committee on Nominations shall be elected by letter ballot 
of the Institute membership. The Secretary-Treasurer shall be appointed annually 
by the Board of Direction. 

Sec. 4. Before September 15 of each year the Committee on Nominations shall, 
by letter ballot of its members, nominate candidates for offices to become vacant 


*As amended by the 33rd Annual Convention February 1937 and ratified by letter ballot ear 
vassed May 25, 1937 
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at the next annual convention and twenty candidates for membership on the Com- 
mittee on Nominations which is to serve in the following year and shall transmit 
the names of all candidates thus nominated to the Secretary-Treasurer of the Insti- 
tute. The consent of each candidate for office must be obtained before notice of his 
nomination is published. The Secretary-Treasurer shall cause notice of all such 
nominations to be transmitted to the membership of the Institute at least 120 days 
prior to the next ensuing annual convention. Upon petition to the Board of Di- 
rection signed by at least ten members of the Institute, additional nominations for 
offices or for membership on the Committee on Nominations may be made within 
30 days thereafter. 

The complete list of nominations shall be submitted 60 days before the next con- 
vention to the Institute membership for letter ballot to be canvassed at 5 p. m. on 
the first day of the convention and the result announced at a session of the con- 
vention on the second day. The candidate for any office receiving the most votes 
shall be declared elected and the candidate receiving the most votes for membership 
on the Committee on Nominations shall be Chairman of that committee; the four 
next highest shall be declared elected members of the Committee. With these five 
the three latest past president members of the Board of Direction shall serve, making 
a total membership of eight. 


Should any member of the Committee on Nominations thus chosen fail, within 
fifteen days of formal notice from the Secretary-Treasurer, to make written accept- 
ance of service, a vacancy shall occur to be filled by the candidate receiving the next 
greatest number of votes and so on until the five elective places on the committee 
shall be filled. 


Sec. 5. The terms of office of the President, Vice-Presidents, Secretary-Treasurer 
and Regional Directors shall be one year. Directors-at-large shall be elected one 
each year for a term of three years. A year is to be here construed as the period 
between adjournments of two successive annual conventions. 


Sec. 6. The President, Vice-Presidents and Regional Directors shall be ineligible 
for more than one re-election to the same office until the lapse of at least one term. 

Sec. 7. The term of each officer shall begin at the close of the annual convention 
at which he is elected and shall continue until a successor is duly elected. 

See. 8. A vacancy in the office of President shall be filled by the Vice-President 
having Institute membership seniority. 

Sec. 9. Vacancy in any office, for the unexpired term, shall be filled by appoint- 
ment by the Board of Direction except as provided in Section 8. 

Sec. 10. In the event of disability or neglect in the performance of his duty of 
any officer of the Institute, the Board of Direction shall have the power to declare 
the office vacant. 

Sec. 11. The Board of Direction shall have general supervision of the affairs of 
the Institute. At a meeting held in the week of the annual convention it shall 
appoint a Secretary-Treasurer for a term of one year. It shall authorize and appoint 
the chairmen of such administrative and technical committees and assign to them 
such duties and such authority as it deems needful to carry on the work of the Insti- 
tute. Additional committee members shall be appointed by the President. 


Sec. 12. There shall be an Executive Committee of the Board of Direction con- 
sisting of the President, Secretary-Treasurer, and three of its members appointed by 
the Board of Direction 
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Sec. 13. The Executive Committee shall manage the affairs of the Institute 
during the interim between the meetings of the Board of Direction. 

Sec. 14. The President shall perform the usual duties of the office. He shall 
preside at the annual convention, at the meetings of the Board of Direction and of 
the Executive Committee, and shall be ex-officio member of all committees. He may 
name a chairman to serve in his place for any sessions of the convention. 

The Vice-Presidents, each in the order of his Institute membership seniority, shall 
discharge the duties of the President in his absence. In the absence of President and 
both Vice-Presidents a President Pro-Tem, appointed by the Board, shall discharge 
such duties. 

Sec. 15. The Secretary-Treasurer shall perform such duties, furnish such bond 
and receive such salary as shall be determined by the Board of Direction. 


ARTICLE III-—-MEETINGS 

Section 1. The Institute shall hold an annual convention and such other meetings 
as may be authorized by the Board of Direction. The time and place of all meetings 
shall be fixed by the Board of Direction. Notice of this action shall be sent to all 
members at least thirty days previous to the date of each meeting. 

Sec. 2. The Board of Direction shall meet at least twice each year, the time and 
place fixed by the Board. 

Sec. 3. The Executive Committee shall meet on call of the President or of any 
three of its members. 


Sec. 4. Twenty-five members shall constitute a quorum for meetings of the Insti- 
tute; eight members shall constitute a quorum for meetings of the Board of Direction; 
and three members for meetings of the Executive Committee. 

ARTICLE IV-—-DUES 

Section 1. Dues for the several membership classes shall be payable annually in 
advance from the first of the month of notification of the member applicant of his 
election by the Board of Direction as follows: Contributing members, $50.00; 
Members, individuals, $10.00; firms, corporations, societies or other organizations, 
$20.00; Student members, $4.00; Honorary members, none. Any individual member 
may be admitted to life membership upon payment of a sum determined by the 
Executive committee based on 90 per cent of the membership dues as established at 
the time of application, credited with 3 per cent interest compounded annually for 
the applicant’s life expectancy as arrived at from the American Experience Table of 
Mortality. 

Sec. 2. A member shall be entitled to receive one copy of each issue of the JouRNAL 
of the AMericaAN Concrete INstTITUTE as issued in the period of his membership 
and additional or other publications as determined by the Board of Direction. 

Sec. 3. A member whose dues remain unpaid for a period of six months shall forfeit 
the privilege of membership and shall be officially notified to this effect by the 
Secretary-Treasurer. If these dues are not paid within six months thereafter his 
name shall be stricken from the list of members, unless otherwise specifically ordered 
by the Board of Direction. Members may be reinstated upon payment of all indebt- 
edness against them upon the books of the Institute. 


ARTICLE V--STANDARDS 


Section 1. The Board of Direction shall adopt such rules and regulations govern- 
ing the procedure for the consideration and adoption of Standard Specifications, 
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Standard Practice Recommendations and Standard Definitions as will safe-guard 
their soundness and representative character. 


ARTICLE VI-—-AMENDMENTS 

Section 1. Proposed amendments to these By-Laws, signed by at least fifteen 
members, if presented in writing to the Board of Direction ninety days before the 
annual convention, shall be mailed to the membership at least thirty days prior to 
the annual convention. These amendments may be discussed and amended at the 
annual convei ‘»n and be passed to letter ballot by a two-thirds vote of those present. 
Two-thirds of the votes cast by letter-ballot canvassed within ninety days thereafter 
shall be necessary for their adoption. 
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Officers and Directors 


(Officers and Regional Directors are elected each February for terms of 
one year—Directors-at-large, one each year for a term of three years 


President 


Joun J. EARLEY 


Vice-Presidents 


F. E. RicHart R. B. Youna 


Secretary-Treasurer 


HarveEY WHIPPLE 


Directors: 
Ist District—Mutes N. Ciair 4th District—F. H. Jackson 
2nd District—F. E. Scumitrr 5th District—M. O. WirHey 
3rd District—Inee Lyse 6th District—H. J. GitKey 
Directors-at-large 


BENJAMIN F. Arriteck (Term expires February 1940 
tBen Moree i (Term expires February 1939) 
Raymonp E. Davis (Term expires February 1941) 


Past Presidents 


Ricwarp L. Humpurey (1905-14) Deceased WitiiaM P. ANDERSON (1922-23 
LEonarRD C. Wason (1915-16) Deceased A. E. Linpavu (1924-25 
WiuuiaM K. Hart (1917-19) M. M. Upson (1926-27 
Henry C. Turner (1920-21 EK. D. Boyer (1928-29) Deceased 


D. A. Aprams (1930-31 
*S. C. HoLutster (1932-33 
*ArTHUR R. Lorp (Feb.-July, 1934) 
*P. H. Bates (July 1934-Feb. 1936) 
*F. R. McMILuan (1936) 
*J. C. Pearson (1937) 


*The five latest living past presidents are members of the Board 


Executive Committee 


Joun J. EARLEY J. C. PEARSON 
F. R. McMILuan F. E. Ricuart 
Harvey WHIPPLE 


tAppointed by Board of Direction to fill unexpired term of R. B. Young 














Conduct of Committee Work 


Adopted by the Board of Direction February 21, 1938 under the authority of 
the By-Laws, Article II, section 11, as follows: ‘The Board of Direction shall have 
general supervision of the affairs of the Institute. At a meeting held in the week 
of the annual convention it shall appoint a Secretary-Treasurer for a term of one 
year. It shall authorize and appoint the chairmen of such administrative and 
technical committees and assign to them such duties and such authority as it deems 
needful to carry on the work of the Institute. Additional committee members shall 
be appointed by the President. 

INTENT 


It is the intent here to define the scope of and the responsibility for work assigned 
to administrative and to technical committees of the Institute and to leave to each 
such working group as full a measure of freedom for the exercise of initiative as the 
necessities of orderly organization procedure permit. 


ADMINISTRATIVE COMMITTEES—GENERAL 


(1) Administrative committees are considered arms of the Board of Direction 
assigned to administer Board policy in their respective divisions of Institute activity. 
Each such committee shall make a report of its work to the Board at least once each 
year or at such other more frequent intervals as the Board may from time to time 
require. The Secretary-Treasurer of the Institute shall be the secretary of each such 
committee. 

(2) Before putting into effect any significant or material changes from the pro- 
cedure of recent years, and before making engagements or commitments contingent 
upon the approval of such plans administrative committees shall secure Board 
approval. 

(3) The chairman and secretary of each administrative committee shall be the 
executive group of the committee between meetings and for all work not specifically 
assigned to some other member or members, except as hereinafter provided. 


ADVISORY COMMITTEE 


(1) The duties and responsibilities of the Advisory Committee shall be those 
which arise in effecting productive technical committee activity. It shall initiate, 
plan and co-ordinate technical committee assignments in relation to the developments 
and the needs of the times and the competent personnel available for specific tasks. 
It shall endeavor to further committee undertakings and keep informed of progress 
on specific assignments, cooperating with other administrative committees and 
affiliated organizations. It shall make recommendations to the Board of Direction 
for the creation of new and the reorganization, reassignment or discharge of existing 
committees. It shall nominate committee personnel and define specific committee 
assignments. 


(2) The Advisory Committee shall assign each new technical committee organized 
to that one of the nine committee departments (hereinafter listed) with whose field 
of interest its task is most clearly identified and designate the committee by title and 
& number in its departmental series. 
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(3) The Advisory Committee shall be composed of a chairman, a secretary (the 
Secretary-Treasurer of the Institute) the chairmen of Program, Publications, and 
Standards committees and nine other members, to represent the viewpoint and be 
chairman of one of the following nine departments of committee activity: 


Departments 

100—Research—To comprise all committee work in which the principal interest is 
in the interpretation of test data or the initiation or direction of tests. 

200—Materials—To comprise all committee work in which the principal interest is 
in the production and distribution of materials used in concrete work. 

300——Engineering design—To comprise all committee work in which the principal 
interest is in structural design or in the supervision of construction of such work. 

400-— Architectural design—To comprise all committee work in which the principal 
interest is in architectural design or in the supervision of such work. 

500—S pecificattons—To comprise all committee work in which the principal interest 
is in the production of specifications for material, services or workmanship on 
behalf of the owner. 

600-—Field construction—To comprise all committee work in which the principal 
interest is monolithic construction, including job equipment, organization, 
and methods. 


700—Shop manufacture—To comprise all committee work in which the principal 
interest is in the manufacture and distribution of factory-made concrete 
products. 


800—Special requirements—To comprise all committee work in which the principal 
interest arises from the requirement of unusual or special qualities in concrete 
on account of its use in less common construction or where subject to extra- 
ordinary exposures. 


900——Joint efforis—To comprise all committee work done by the Institute jointly 
with representatives from other societies and work in which the principal 
interest is clearly in two or more of the foregoing departments. 

(4) The chairman and secretary of the Advisory Committee shall be members, 
ex-officio, of all technical committees and shall receive notice of meetings, minutes, 
drafts of reports, etc., the same as other technical committee members. The chair- 
man of each department shall be a member ex-officio of each committee of his depart- 
ment and shall receive notice of meetings, minutes, drafts of reports, etc., the same 
as other technical committee members. 


PROGRAM COMMITTEE 

(1) The Program Committee shall have general charge of the programs of all 
Institute conventions and general meetings and shall prescribe their subject matter. 
For this purpose it may have first choice of papers and reports submitted to the 
Institute and determine whether contributions so selected shall be published (if in 
the judgment of the Publications Committee they are acceptable for publication) 
in advance of or following the convention at which they are to be presented. The 
Program Committee may draw upon papers and reports published in the JouRNAL 
or invite for convention use papers not previously offered for publication. 

(2) The Program Committee shall be composed of a chairman, a secretary (the 
Secretary-Treasurer of the Institute) the chairmen of Advisory, Publications and 
Standards committees and not more than four other members. 
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PUBLICATIONS COMMITTEE 
(1) The Publications Committee shall have general charge of the JouRNAL OF 
THE AMERICAN Concrete INstTiTUTE and of other Institute technical publications 
and shail determine their scope, character and content in conformity with Board 
aims and policies. It shall invite papers for publication, dete-mine their accepta- 
bility and supervise their editorial treatment. This committee shall be composed of 
a chairman, a secretary and editor (the Secretary-Treasurer of the Institute), chair- 
men of Advisory, Program, and Standards committees and not more than four other 
members. 
MEDALS AWARD COMMITTEE 


(1) This committee shall recommend to the Board the persons who shall receive 
the Wason Medals, the Turner Medals and any other medals or awards which may 
be established, in accordance with the conditions set up by the donors or by the 
Board. The membership of this committee shall not be publicly announced except 
by special vote of the Board. The Secretary-Treasurer of the Institute as secretary 
of this committee shall have no vote. 


STANDARDS COMMITTEE 


(1) The Standards Committee shall have supervision of the promulgation of 
Standards and proposed standards of the Institute under the provisions of rules 
(adopted by the Board Feb. 22, 1937, under the authority of the By-Laws, Article V), 
as follows: 


(a) Subject to its responsibility under the By-Laws for Standards of the Institute 
the Board delegates jointly to the Advisory and Standards committees the adminis- 
tration of the Institute’s work in the promulgation of Standards. With the Advisory 
committee is the responsibility for the initiation of technical committee standardizing 
efforts and the nomination of committee personnel in each instance, with due regard 
for the importance of such a balanced and thoroughly representative committee 
membership as will, at the outset, tend to safeguard the “soundness and represen- 
tative character’’ of the standards to be written. 

(b) When a technical committee for the development of a standard has been 
organized, notice of its assignment and personnel shall be published in the JouRNAL 
and it shall be the responsibility of the Secretary-Treasurer of the Institute to bring 
such notice to the attention of societies known to have an interest in, or be in a position 
to submit data pertinent to the work to be undertaken. 


(c) When a new or a revised standard is proposed by a majority in a technical 
committee assigned by the Board to its preparation and upon its receipt by the 
Secretary-Treasurer of the Institute, it shall be referred to the Standards Committee, 
which shall be responsible for its critical examination to determine its worthiness 
as a document sufficiently comprehensive and representative in character to be 
submitted to the Institute with a view to adoption as a Standard of the Institute. 

(d) The Standards Committee shall have a Chairman and six other members, 
appointed for such terms that two new or re-appointments shall be made each year. 
The Secretary of the Institute shall be an additional, non-voting member, and shall 
be the secretary of the committee. The membership of the Standards Committee 
shall be further augmented for the sole purpose of reviewing a proposed standard, 
by the chairman (or member designated by the chairman) of the committee propos- 


ing the Standard for adoption but he shall not vote as a member of the Standards 
Committee. 
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(e) So constituted the Standards Committee shall adopt such means—whether by 
correspondence, hearings, the appointment of a sub-committee or by limited distri- 
butions of a proposed standard to selected individuals or agencies—as it deems ex- 
pedient to satisfy itself of the adequacy (in view of the purposes cited above) of the 
proposed standard. If and when approved by at least four members of the Standards 
Committee it shall be transmitted, through the Secretary-Treasurer of the Institute 
to the Publications Committee with recommendations for a prescribed preliminary 
distribution as a basis for criticism and discussion prior to its formal presentation to 
the Institute with a view to adoption. 

(f) The nature and extent of this preliminary distribution and the interval prior 
to formal presentation to the Institute shall be determined by the Standards Com- 
mittee after consultation with the technical committee and the Publications Com- 
mittee. 

(g) In the event that four or more members of the Standards Committee do not 
approve the proposed standard it shall be referred back to the technical originating 
committee with a statement of the reason or reasons for rejection. 


(h) A proposed standard may be re-submitted to the Standards Committee when 
accompanied by a statement from the originating committee setting forth the pro- 
cedure in the reconsideration of the proposed standard since first submitted. 


(i) In the event of deadlock or of apparent obstruction in the outlined procedure, 
the Advisory Committee, the Standards Committee or the technical committee 
originating the proposed standard under consideration may appeal to the Board of 
Direction. 

(j) When a standard is formally presented to the Institute with the approval of 
four or more members of the Standards Committee, it shall be open for discussion on 
the floor of a convention. If approved by a majority vote of members present it 
shall be submitted, by reference, to letter ballot of the Institute membership and the 
standard shall become effective upon ratification by two thirds of those voting. An 
amendment to a proposed standard presented on the floor of the convention shall 
be sustained only when approved by nine tenths of the members voting and as so 
amended shall be submitted to letter ballot as provided above. 


(k) A Standard of the Institute which is unrevised for three years shall expire 
automatically unless re-adopted. 
TECHNICAL COMMITTEE MEMBERSHIP, ORGANIZATION and PROCEDURE 

(1) Committees sha'l be composed of individuals nominated by the Advisory 
Committee; the chairmen appointed by the Board and other members by the Presi- 
dent. They shall be selected not only for their knowledge of, experience and judg- 
ment in the field of each committee’s assignment, but also in reference to their 
situation as it may contribute to their active attention to the committee’s work. 
In general, since the policy of the Institute is to organize many of its committees for 
and assign them to specific tasks, their membership may be limited at the outset to 
relatively small functional groups with a view to subsequent appeal to competent 
critics of the reports submitted—either as additional members of the committee 
or in a capacity assisting the Publications Committee. 


(2) Each technical committee authorized by the Board of Direction shall receive 
from the Advisory Committee of the Institute an explicit statement of its assignment 


(3) A committee when organized shall plan its own procedure. Its chairman or 
its secretary shall advise all members of the committee in writing what procedure is 
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to be followed in the assigned undertaking. Each committee member is to be 
advised subsequently by chairman or secretary as the work progresses. Copies of 
all such correspondence and all notices and minutes of meetings are to be sent to 
the chairman and the secretary of the Advisory Committee, and to the chairman of 
the department with which the technical committee’s work is identified. 


(4) Committee meetings are to be encouraged but since frequent meetings are 
often a hardship on committee members, the Board recognizes that much effective 
work can be done by correspondence by the procedure of trial and criticism wherein 
one or more members undertake, after exchanges of views, the preliminary drafts ot 
a report. 


(5) Committees shall serve for the terms for which they are appointed, or in the 
absence of a prescribed term of service, for one year from the end of the fiscal year 
(June 30) succeeding the JouRNAL announcement of the committee’s organization. 
Except as continued with the same, a new or revised assignment and specifically 
with the same or reorganization in membership, committees are automatically dis- 
charged at the end of the prescribed period. While this is in keeping with a policy 
in general to assign committees to definite tasks rather than to fields of interest, 
it is not intended to discourage the desirable practice of technical committees in 
recommending further work. 


(6) In submitting a report on its assignment, a technical committee shall present 
a supplementary report for the Advisory Committee with recommendations of 
further studies and additions to or changes in personnel suggested by the work done 
on its specific assignment. 


(7) Accompanying its report as submitted to the Secretary-Treasurer of the 
Institute the chairman or secretary of the technical committee shall submit solely 
for the information of Advisory and Publications committees, (a) a statement of 
anything significant in the committee’s activity with reference to individual response 
and performance and sources of important data, and (b) to appear with the report if 
and when published, a further statement in either of the following forms: 


(a) This report was submitted to letter ballot of the committee which consists 
of members; members returned their ballots of whom have 
voted affirmatively and negatively. 


(b) This report was approved in form and substance as here submitted by the 
following members of the Committee (followed by names of the approving 
members). 


(8) No committee report or part thereof shall be released for publication except 
through the Publications Committee of the Institute. 


TECHNICAL COMMITTEE EXPENSES AND SPECIAL FUNDS 


(1) The Secretary-Treasurer will honor vouchers from a committee chairman 
for postage expense incurred in the work of his committee, and will supply committee 
stationery on request. Other committee expenses will not be assumed by the Insti- 
tute unless previously authorized specifically by the Board. 


(2) Special committee funds, when their solicitation has been authorized by the 
Board, shall be deposited to the Institute’s account through the Institute’s Secretary- 
Treasurer and be disbursed on vouchers signed by the Chairman of the Committee 
for whose work the fund was created. 
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DISTRIBUTION OF TECHNICAL COMMITTEE REPORTS 

(1) Except as provided with reference to proposed Standards (see ‘Standards 
Committee’) the distribution of committee reports shall be in the hands of the 
Publications Committee. In general a committee report will have a preliminary, 
very limited, distribution to critics named by the Publications Committee and 
subsequent publication complete or in part, as the Publications Committee shall 
direct. . 
THE JOURNAL AND THE CONVENTION IN RELATION TO TECHNICAL 

COMMITTEE WORK 

The work of the Institute is continuous throughout the year. Conventions and 
JOURNAL issues present a series of forums. One of the important considerations in 
inaugurating the publication of the Proceedings periodically in the JouRNAL was to 
increase the scope and volume of Institute work, to give consideration to more 
papers and committee reports than can be considered adequately in the limited periods 
of a convention. Thus technical committees will not assume that a report made 
available to the Institute is necessarily for convention presentation. The pre- 
convention and post-convention periods are over-crowded. Committees are urged 
to complete their work in early spring or late summer. It is the policy of the Insti- 
tute through the Program Committee to relieve the strain of over-crowded con- 
vention sessions. Committees should submit their reports as promptly as possible 
to the Secretary-Treasurer of the Institute to be considered by the Publications 
Committee, or if a proposed Standard is involved, by the Standards Committee. 
The interlocking membership of Advisory, Program, Publications and Standards 
Committees through their respective chairmen serves to keep all of them advised of 
the completion of a committee task. The Program Committee usually begins its 
work on a convention program before all the papers and reports of the previous 
convention have been published. It is in a position, if a committee report is available 
early enough and if it seems to present subject matter which could be better con- 
sidered through discussion in the meeting room than by correspondence, to schedule 
it for convention presentation. It is impracticable and is likely to become more and 
more impossible for Program Committees to put all available reports and papers on 
a@ convention program. 




















Administrative Committees 
Advisory 


The Advisory Committee’s responsibility is in recommendations to the Board of 
Direction as to technical committee undertakings. 
F. E. Ricuart, Chairman 
HarvEY WHIPPLE, Secretary 
M. O. Witney, Chairman Department 100, Research 
STANTON WALKER, Chairman Department 200, Materials 
A. W. Stepuens, Chairman Department 300, Engineering Design 
A. J. Boast, Chairman Department 400, Architectural Design 
Mites N. Cuiatr, Chairman Department 500, Specifications 
R. B. Youna, Chairman Department 600, Field Construction 
W. G. Kaiser, Chairman Department 700, Shop Manufacture 
RayMonpD E. Davis, Chairman Department 800, Special Requirements 
F. H. Jackson, Chairman Department 900, Joint Efforts 
P. H. Bares, Chairman Publications Committee 
R. W. Crum, Chairman Standards Committee 
F. R. McMi.uan, Chairman Program Committee 


Program 


The Program Committee’s work is to select from among papers and reports sub- 
mitted to the Institute such contributions as it deems desirable for the annual 
conventions. 


F. R. McMituan, Chairman 
Harvey WHIpPLe, Secretary 
Raymonp E. Davis 
A. E. Linpavu 
Ben MorEELL 
F. E. Scumitr 
R. B. Youne 
P. H. Bares, Chairman Publications Committee 
R. W. Crum, Chairman Standards Committee 


F, E. Ricuart, Chairman Advisory Committee 
Publications 


The Publications Committee has the responsibility of the technical publications of 
the Institute and invites original papers furthering the objects of the society and 
discussions of published papers and reports. It passes upon the papers and the 
reports of committees submitted for publication. (See also Standards Committee). 
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All contributions are received through the Secretary-Treasurer who is the editor of 
the JouRNAL and Secretary of the committee. 
P. H. Bates, Chairman 
Harvey Wuipp te, Secretary 
INGE LysE 
BENJAMIN WILK 
R. B. Youna 
R. W. Crum, Chairman Standards Committee 
F. R. McMi1xan, Chairman Program Committee 
F. E. Ricnart, Chairman Advisory Committee 


Standards 


The Standards Committee has supervision of the promulgation of Standards 
and proposed Standards of the Institute under the provisions of Board rules on 
“Standards.” 


R. W. Crum, Chairman 
Harvey Wuipp te, Secretary 

P. H. Batgs, (to June 30, 1941) 

R. L. Bertin (to June 30, 1941) 
Mites N. Crarr (to June 30, 1939) 

W. G. Katser (to June 30, 1939) 

C. T. Morris (to June 30, 1940) 
STANTON WALKER (to June 30, 1940) 














Technical Committees 


Following is a list of Institute Technical Committees for the year 
beginning July 1, 1938. 

Institute Committees are not “standing’’ committees; do not 
continue automatically from year to year. They are, in general, 
assigned for a specified term to immediate tasks rather than to fields 
of interest. These assignments may be and frequently are continued 
from year to year. 

Department 100—-Research 
M. O. Witney, Chairman 


104—Permeability of Concrete—CuarLes H. SCHOLER—Chairman 
Kansas State College, Manhattan, Kan 


D. C. COULSON INGE LYSE 

This committee, though in the Research Department, has been 
asked by the Advisory Committee to survey the available knowledge 
in reference to permeability of concrete from the angle of the best 
application of that knowledge—keeping an eye on the availability 
of new research, but bring in a report or a series of reports which will 
tie up the partially correlated knowledge with reference to permea- 
bility, to practical use as applied to various structural conditions 
where permeability is a serious factor. In other words, a translation 
of our accumulated knowledge of the permeability of concrete in 
terms of use. 


108-—Properties of Mass Concrete—RAymonp E. Davis—-Chairman 
Dept. of Civil Engineering, University of Calif., Berkeley) 


F. R. McMILLAN—Vice-chairman 


P. H. BATES W. C. HANNA J. L. SAVAGE 
R. F. BLANKS L.. (. Bees. B. W. STEELE 
R. W, CARLSON J. W. KELLY I. L. TYLER 

J. P. GRowpDoN S. B. Morris C. P. WILLIAMS 


Papers presented at the 34th annual convention by four members 
of this committee plus introductory remarks by Chairman Davis (see 
March-April and May-June, 1938 JouRNALS) serve as a propectus of 
the report which the committee expects to have available for publi- 
cation in the near future—summarizing and presenting conclusions 
on the vast research on the properties of mass concrete. 


113—Bond Stress—\EkNON P. JENSEN—Chairman 
(University of Illinois, Urbana) 


H. J. GILKey C. G. MacCartuy F. E. RIcHAR1 
H. F. GONNERMAN G. A. MANEY J. R. SHANK 
INGE LyYsE WARREN RAEDER ALBERT SMITH 
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This committee is assigned the task of promoting research and col- 
lecting and interpreting data from field and laboratory with a view 
to determining proper working stresses for bond in reinforced concrete 


construction. 


115—Research—M. O. WitHry*—Chairman 
(Professor of Mechanics, University of Wisconsin, Madison 
F. E. RicHart*—Vice-Chairman 
(Research Professor of Engineering Materials, University of Illinois, Urbana) 


InGE Lyse*—Secretary 
(Research Professor of Engineering Materials, Lehigh University, Bethlehem, Pa.) 


H. ALLEN 

(Kansas State Highway Dept.) 
TRACY BARTHOLOMEW 

(Duquesne Slag Products Co.) 
E. F. BERRY 

(Syracuse University) 
J. A. C. CALLAN 

(Alabama Polytechnic Institute) 
R. W. CARLSON 

(Massachusetts Institute of Technology) 
M. N. Criarr 

(Thompson & Lichtner Co., Inc.) 
I. C. CRAWFORD 

(University of Idaho) 
R. B. CREpPs 

(Purdue University) 
R. E. Davis* 

(University of California) 
N. H. DouGHERTY 

(Tennessee University) 
H. H. Epwarps 

(Associated Colleges of Claremont) 
P. J. FREEMAN 

(Tennessee Valley Authority) 
H. J. GILKEY 

(Iowa State College) 
A. G. GILLESPIE 

(Rock Island Arsenal) 
V. L. GLovEerR 

(Illinois State Highway Dept.) 
A. T. GoLtpBECK 

(National Crushed Stone Assn.) 
H. F. GONNERMAN* 

(Portland Cement Association) 
S. H. GraF 

(Oregon State Agricultural College) 
S. O. HARPER 

(Bureau of Reclamation) 
W. T. HARTMAN 

(Virginia Polytechnic Institute) 
S. C. HOLLISTER 

(Cornell University) 
C. A. HUGHES 

(University of Minnesota) 
RosBerT HUMPHREYS 

(Kentucky State Highway Dept.) 
H. L. KENNEDY 

(pewey & Almy Chemical Co.) 


WILLIAM J. KREFELD 

(Columbia University) 
G. H. Larson 

(Wisconsin State Highway Dept.) 
T. R. LAwson 

(Rensseler Polytechnic Institute) 
H. W. Leavitt 

(University of Maine) 
H. J. Love 

(National Slag Association) 
INGE LysE* 

(Lehigh University) 
T. H. MacDona.tp 

(Bureau of Public Roads) 
C. E. MAGNUSSON 

(University of Washington) 
JoseEPH MARIN 

(Rutgers University) 
SEWARD Mason 

(Montana State Highway Dept.) 
JAMES McCormick 

(New Hampshire State Highway Dept.) 
W. W. McLAvuGHLIN 

Michigan State Highway Dept.) 
W. H. Mitts, Jr. 

(So. Carolina State Highway Dept 
CiypeE T. Morris* 

(Ohio State Universit y) 
S. B. Morris 

(Stanford University) 
Levi Muir 

(Utah State Highway Dept.) 
J. M. MurpouGH 

(Texas Technological College) 
T. D. MyLrea 

(University of Delaware) 
O. Net OLson 

(Marquette University) 
D. E. Parsons* 

(National Bureau of Standards) 
J. C. PEARSON 

(Lehigh Portland Cement Co.) 
5. 3. Paex 

(College of the City of New York) 
C. J. Posry 

(University of Iowa) 
P. L. REED 


(University of Florida) 


*Members of the Committee’s Executive Group. 
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Car R. REeip E. O. SWEETSER 
(Oaklahoma State Highway Dept. (Washington University) 

F. E. RIcHART* 
(University of Illinois) 

E. H. ROCKWELL 
(Lafayette College) 


HARRY TUCKER 
(University of North Carolina) 
E. VIENs 
(Ottawa Laboratory of Testing Materials) 


R. I. RowEiui ; 
(Vermont State Highway Dept.) STANTON WALKER 
R. D. SCHEIER (National Sand and Gravel Assn.) 
(Pennsylvania State College) C. E. WILuiaAMs 
C. H. SCHOLER (Battelle Memorial Institute) 
PP ~5~ontonncaale orweg T. F. Wiuts 
E. W. orn : R. ae (Missouri State Highway Dept.) 
(Master Builders Research Laboratory) ‘ 
R SHANK M. O. WiTHEY* 
J. ee Hs * — ; (University of Wisconsin) 
(Ohio State University) sie . 
R. H. SHERLOCK C. E. WurerPEL 
(University of Michigan) (No. Atlantic Division War Dept.) 
W. Y. SKILEs R. B. Youne 
(Georgia School of Technology) (Hydro Electric Power Comm. of Ontario) 
T. E. STANTON R. R. ZIpPRODT 
(California State Highway Dept.) (Columbia University) 


*Members of the Committee’s Executive Group. 

This committee was organized to affiliate the interests of research 
workers and agencies in the field of concrete. Its assignment is to 
review and correlate research in concrete and reinforced concrete and 
to consider research methods and objectives. The open sessions of 
the committee at the 33rd and 34th annual conventions of the In- 
stitute have attracted considerable and an apparently very much 
interested attendance. Because the Institute has agreed not to pub- 
lish the transcript of these meetings research men have felt free to 
discuss projects proposed and under way for the benefit of their 
fellows in the research field. 


116—Volume Changes and Plastic Flow in Concrete—G. E. TRoxeLt—Chairman 
(Engineering Materials Laboratory, University of California, Berkeley) 


R. W. CARLSON H. J. GILKEY C. H. SCHOLER 
HARDY CROss S. C. HOLLISTER J. R. SHANK 
H. E. Davis F. E. RicHAR1 L. H. TUuTHILL 


This committee consolidates the previous assignment of Committee 
102, “Volume Changes in Concrete’? and Committee 109, ‘Plastic 
Flow.”” The subjects proved to be virtually inseparable and the 
conclusions of and the implications of research in these two subjects 
will be reported by the new committee. 


Department 300, Engineering Design 
A. W. STEPHENS, Chairman 


312—Plain and Reinforced Concrete Arches—CHARLEs S. WHITNEY—Chairman 
724 E. Mason St., Milwaukee, Wis.) 


W. S. CorrinGHAM CLypE T. Morris W. M. WILson 
This committee has been asked to prepare a specification for rein- 
forced concrete arch design—giving effect to all that has been learned 
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of the influence of dead and live loads and volume changes due to 
shrinkage, plastic flow and temperature change. 
314—Rigid Frame Bridges—-Harpy Cross—Chairman 


(Yale University, New Haven, Conn.) 
G. V. NELSON D. H. PLETTA 
This committee has a report in preparation—presumably for early 
publication. It will review outstanding design considerations in 
connection with rigid frame bridges; sum up available knowledge of 
the subject for the use of designers and constructors. 


315—Detailing Continuous Beams and Frames-—A. |. BoAse—Chairman 


(Portland Cement Assn., 33 West Grand Ave., Chicago) 


E, P. ALLABACH BENGT FRIBERG FRED L. PLUMMER 
FRANK H. BEINHAUER J, E. KALINKA GEORGE P. Ric 

R. L. BERTIN A. B. MACMILLAN C. N. SCHWERTNER 
E. E. EBLING T. J. McCormick W.S. THoMson 
HARRIS EPSTEIN T. D. MyLrea WILLIAM F. ZABRISKU 


This committee was asked to recommend improved practice to 
avoid cumbersome methods now in use in the delineation on the 
engineer’s drawings of the results of the designer’s analysis of reinforced 
concrete frame buildings—the eventual report to meet the need grow- 
ing out of the fact that practice has not kept pace with the advance in 
design methods. 


408—Recommended Practice for the Use of Color in Concrete— W.G. KaAIser 


—Chairman 
(Portland Cement Assn., 33 West Grand Ave., Chicago) 


Joun G,. AHLERS M. L. BAKER EDWARD M. WaALpo 
JoserH W. AYERS A. J. Boase 
To meet the need for a text on the matter of color in concrete this 
committee has been asked to write a report summarizing available 
knowledge of the means which have been used with more or less 
success in the use of color in connection with concrete. First report 
would probably be preliminary tothe drafting of reeommended practice. 


Department 400, Architectural Design 
A. J. Boase, Chairman 


412—-Specifications and Recommended Practice for Architectural Concrete 
of the Exposed Aggregate Type—J. C. PeEARson, Chairman 


(Care Lehigh Portland Cement Co., Allentown, Pa.) 
P. H. BATES R. W. CARLSON F. R. McMILLAN 
A. J. BoAse Joun J. EARLEY R. H. SHREVE 
This committee as its title implies, is assigned to a considerable 

task in writing specifications and recommended practice for archi- 
tectural concrete of the exposed aggregate type, covering basic con- 
siderations of materials, mix design, manipulation, craftsmanship 
and manufacturing practice as well as structural design. 
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Department 500, Specifications 
Mives N. Cvarr, Chairman 
Standard Building Code—A. W. StepHENs—Chairman 


165 North 19th Street, East Orange, N. J.) 
R. R. ZippRoptT—Secretary 
(Associate Professor Civil Engineering, Columbia University 


501 


, New York, N. Y.) 


PAUL ANDERSEN ABRAHAM EPSTEIN DEAN PEABODY, JR. 


R. L. BERTIN W. H. GRAVELL F. E. RicHart 

H. P. BIGLER VERNON P, JENSEN W. C. SPIKER 

A. J. BOASE INGE LYSE HALE SUTHERLAND 
R. D. BRADBURY N. D. MircHe.i W. S. THOMSON 


Mives N. CLarr 
A. BuRTON COHEN 
Harpy Cross 

J. Di Stasio 


r. D. MYLREA 
N. M. NEWMARK 
Joun R. NICHOLS 
L. H. NIsHKIAN 
J. M. OxLEy 


HARALD M. WESTERGAARD 
W. H. WHEELER 
C. A. WILLSON 
R. B. YOUNG 

This committee has set its sub-committees to work with the idea 
of making available early this fall the proposed revisions in the ten- 
tative building regulations of 1936. Such revisions involve the Stand- 
ards Committee and it is hoped that the whole work may be done to 
place building regulations as revised before the 1939 convention with a 
view to the new code. 
507—-Recommended Practice for the Design of Metal Supports for Reinforce- 


ments—WILLIAM F, ZABRISKIE—-Chairman 
13700 Sherwood Av 


D. H. Birney 
W. E. WHITE 

The assignment of this committee is implicit in the title and the 
chairman reports that the job is more than half done. It is expected 
it will be available shortly for review by the Standards Committee of 


e., Detroit) 


CARL S. BARRY MARTIN STELJES 


the Institute and if it passes that review satisfactorily it will be placed 
before the Institute with a view to adoption as an Institute standard. 
Department 600, Field Construction 
R. B. YouncG, Chairman 
604—-Winter Concreting Methods—R. B. YounG 


(S Strachan Ave., 


_ 
A 


‘Chairman 
Toronto, Ont.) 


WILFRID SCHNARR 
A. G. TIMMs 


Joun E, DEIGNAN 
R. C. JOHNSON 


C. E. WUERPEL 


This committee is assigned to write recommended practice for winter 
concreting. 


609—Vibration of Concrete—ARTHUR RUETTGERS —Chairman 
(Bureau of Reclamation, Denver) 








ALFRED E, LINDAU 

H. L. FLopin 

(Portland Cement Assn., 33 West ¢ 
Mixes N. Criarr R. E. Dav 
H. E. Davis 


Is 


C. M. HatHaway 


~Vice-Chairman 
Secretary 
yrand Ave., Chicago) 


F. H. JACKSON 
M. I. McCarty 
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742 AMERICAN CONCRETE INSITTUTE 
Ben MoreeEu C. W. Pierce Lewis H. TuTHitu 
D. E. Parsons F. V. REAGEL M. O. WiTHEY 
O. G. Patcu L. C. Rogers 


As reorganized this committee has some fresh responsibilities. It 
has already brought in a report under former Chairman A. E. Lindau 
with such recommendations as the committee could venture from 
available data on the use of vibration as a means of placing concrete. 
Experience indicates that additional research data are needed and it 
is expected that the new committee may be in position to supply the 
data, for the express purpose of making recommendations more 
accurate and more explicit as to the use of vibration. 
611—Inspection of Concrete—J. W. KELLY—Chairman 

(Engineering Materials Laboratory, University of Calif., Berkeley) 
R. L. BERTIN T. C. Powers Lewis H. TuTHILi 
F. H. JACKSON ARTHUR RUETTGERS R. B. YOUNG 

Mr. Kelly has written for the Institute a Manual of Concrete 
Inspection. The first draft was reviewed and criticized in detail by 
members of the committee. The second draft is now in process of 
similar review. It is a considerable document—probably will be in 
demand in and out of the Institute when it finally becomes available. 
It not only tells the concrete inspector what he should do but it sets 
down the underlying reasons why it should be done that way. It will 
be pretty much a fundamental education in the means to good concrete 
for many others than the inspector for whom it is primarily intended. 
But being a very considerable document it moves slowly through the 
process of criticism and revision. The work has been going on for 
more than two years. 


612—Recommended Practice for Curing Concrete—Mark Morris—Chairman 
(lowa State Highway Commission, Ames, Ia.) 


R. W. CARLSON F. C. LANG STANTON WALKER 
F. H. JACKSON F. V. REAGEL 
This committee is assigned to write a recommended practice for 

curing concrete. There are many scattered data on the subject of 
curing but little in the way of specific instructions between two covers 
as a guide to such practice in curing as will make good on the design 
of the mix and good practice in placing. 
613—Recommended Practice for the Design of Concrete Mixes—R. F. BLANKs 


—Chairman 
(Bureau of Reclamation, Denver, Colo.) 


HERBERT COFFMAN W. F. KELLERMAN H. C. Ross 
H. J. GILKEY Guy H. Larson I. L. TYLER 
FrED HUBBARD T. C. Powers E. N. VIDAL 
F. H. JACKSON E. B. RAYBURN, JR. 
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This committee has a difficult task—to present a recommended 
practice, probably with alternative methods, for the design of concrete 
mixtures, for strength, workability, durability and economy. The 
importance of these general factors and their relation to the general 
method of design to be defined. The committee held a meeting at the 
time of the 34th annual convention last February and Chairman 
Blanks expects shortly to show definite progress. 
614—Recommended Practice in Measuring, Mixing and Placing Concrete— 


Lewis H. Tutaitt—Chairman 
(Metropolitan Water District of Southern Calif., Los Angeles, Calif.) 


Joun G. AHLERS R. V. CREPPS O. G. PATCH 

P. F. AYER Lion GARDINER R. W. SPENCER 
C. F. BALL Byron A. HILi H. F. THomMson 
E. W. BAUMAN C. S. JOHNSON I. L. TYLER 
SaM CoMEss A. LEVISON R. B. YOUNG 


The job of this committee is implicit in the title. Mr. Tuthill 
prepared a report.and it had a very thorough going-over by practically 
all the members of the committee. He has extensively revised the 
report and it is now in the hands of the Institute Standards Com- 
mittee. If it passes muster in that quarter will no doubt be presented 
to the Institute for adoption as an Institute standard. 


616—Recommended Practice for the Application of Paint to Concrete 


Surfaces—R. E. CopELAND—Chairman 
(Portland Cement Assn., 33 West Grand Ave., Chicago) 


T. H. CHIsHOLM WILFRID HOLTZMAN, JR. WAYLAND W. RICE 
StiLeEs O. CLEMENTS C. H. Jumper, E. W. SCRIPTURE, JR. 
H. A. GARDNER JOHN MARSHALL E. VIENS 

R. H. HALLE1 T. J. PETERSEN 


What this committee has been asked to do is told in the title, to 
write a recommended practice for the application of paint of different 
kinds to concrete surfaces. 
617—-Specifications and Recommended Practice for Concrete Pavement 
and Base—H. F. CLEMMER, Chairman 

R. D. BRADBURY FRED HUBBARD STANTON WALKER 
A. T. GOLDBECK F. H. JACKSON W. H. Woop 
BAILEY TREMPER 

What this committee has beén asked to do is obvious from the title, 
to write specifications and recommended practice for concrete pave- 
ment and base. 
618—Specifications and Recommended Practice for the Construction of 
Terrazzo Floors—VERNE O. McCLurG—Chairman 

A. J. RENNEN C. G. WALKER H. H. WAPLEs 
Louis Det Turco JoserH CHUBB 

Old as is the art of terrazzo there are no generally recognized stand- 

ards having widespread use. This committee is representative of 
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those who specify, those who furnish materials, those who do the 
work and has been asked to write specifications and recommended 
practice for the construction of terrazzo floors. 


Department 700, Shop Manufacture 


W. G. Kaiser, Chairman 
711—Precast Floor Systems for Houses—F. N. Meneree—Chairman 
(104 West Engineering Bldg., University of Michigan, Ann Arbor) 
R. E, CopeLanp C. G. DUNNELLS CHARLES W. LARKIN 
J. W. WARREN 

There has been an increasing interest and activity in the field of 
manufacture and use of precast units for light load floor systems, 
involving joists and to some extent slabs. This committee has been 
asked to bring in a report which would cover the major essentials of 
the design of such floor systems and the means of getting the results 
in manufacture and construction. 
714—Recommended Practice for the Construction of Concrete Silos—C. A. 


HuGuHEes—Chairman 
(University of Minnesota, Minneapolis) 


WALTER BRASSERT WILLIAM GURNEY C. C. MITCHELL 
CLAUDE DouUTHETI W. G. KAISER CHARLES F. ROGERS 
H. B. EMERSON G. L. Linpsay STANLEY WITZEI 


D. G. MILLER 

This committee came into being more or less spontaneously as the 
result of a definite need among the manufacturers of concrete silo 
staves and the builders of concrete silos to meet the agricultural demand 
for enduring structures against the various destructive agencies which 
lurk in the use to which silos are put, varying with the kind of ensilage. 
The situation in reference to these problems was stated in a paper 
before the Institute last winter (March-April 1938 JourNAL) by Dalton 
G. Miller. The committee is earnestly at work to produce a recom- 
mended practice for the construction of concrete silos of all kinds 
and will probably recommend higher standards. 


Department 800, Special Requirements 
R. E. Davis, Chairman 


804—-Wearing Surfaces for Floors—J. FRucursAuM—Chairman 
(613 Root Bldg., Buffalo, N. Y.) 
Joun G. AHLERS WALTER HUGHES T. C. KniGcut 
STACEY CAMPBELL MorGan B. KLock HARRY LORING 


This committee has made a report scheduled for early publication. 
It involves the suggestion of a specification for hard wear surfaces on 
concrete floors which departs from the usual specifications for such 
work. The committee submits its data and its recommendations with 
a view to getting reactions of others doing this kind of work for the 
preparation of further report which would be proposed for adoption 
as an A. C. I. standard. 
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Department 900, Joint Efforts 
F. H. Jackson, Chairman 
Committee members here listed are the Institute’s representatives 
on joint committees or committees of organizations other than A. C. I. 
903—Joint Committee on Standard Specifications for Concrete and Rein- 


forced Concrete—S. C. Ho_vister—Chairman 


rnell University, Itha N. ¥ 


Joun G. AHLERS F. H. JACKSON BEN MOREELI 
N. M. STINEMAN 


904-Sectional Committee on Plastering—J]. C. PEARSON 


905—-Sectional Committee on Specifications for Portland Cement—JouN 
G. AuLers, W. K. Hatt, M. A. Swayzt 


906—-Sectional Committee on Methods of Tests for Road Materials—R. W. 
CRUM 


907—Highway Research Board—P. H. Bates, H. J]. GiI_Key, alternate 


908—Committee on Masonry and Reinforced Concrete of the Structural 
Division, A. S. C. E.—-RAyMonpb E. Davis 


910--Committee on Corelation of Research in Mineral Aggregates of the 
Highway Research Board—R. L. Bertin, S. C. HOLLISTER 

912—-Sectional Committee on Sieves for Testing Purposes—-]. C. PEARSON 
914—Sectional Committee, American Standards Association on Excavations 


and Foundations of the Building Code Corelating Committee—R. R. 
Zippropt, R. L. BERTIN, alternate 


915—A. S. C. E. Committee on Bearing Value of Pile Foundations—\. 
F. Way 
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Awards 


The Wason Medal ‘‘for the Most Meritorious Paper’’ 


Founded 1917 by Leonard C. Wason (deceased) who was president, 
American Concrete Institute 1915-1916. Awards are made by the 
Board of Direction. From 1917 to 1930 these were “for the most 
meritorious paper” presented at the previous annual convention. 
Beginning 1931 “for the most meritorious paper” in the Proceedings 
Volume of the previous year. 


1916 


1920 
1921 
1922 


1923 


1924 


1925 


1926 


1927 


1928 
1929 


1930 





Paper—A. B. McDanret, “Influence of Temperature on the 
Strength of Concrete.”’ 

Paper—CuHar.es R. Gow, “History and Present Status of the 
Concrete Pile Industry.” 

Paper—Durr A. Asrams, ‘Effect of Time of Mixing on the 
Strength and Wear of Concrete.”’ 

Paper—W. A. Siater, “Structural Laboratory Investigations 
in Reinforced Concrete Made by Concrete Ship Section, Emer- 
gency Fleet Corporation.” 

Paper—W. A. Hutt, “Fire Tests of Concrete Columns.” 
Paper—H. M. WEsTERGAARD, ‘‘Moments and Stresses in Slabs.” 
Paper—GerorGE E. Brags, “An Accurate Mechanical Solution 
of Statically Indeterminate Structures by Use of Paper Models 
and Special Gauges.”’ ; 

Paper—Joun J. Earwey, “Building the Fountain of Time.”’ 
Two Papers—Ricuarp L. Humpurery, “Twenty Years of Con- 
crete’ and ‘‘The Promise of Future Development.’ 

Paper—E. A. Dockstraper, “Report of Tests Made to Determine 
Temperatures in Reinforced-Concrete Chimney Shells.”’ 
Paper—A. Burton Couen, “Correlated Considerations in the 
Design and Construction of Concrete Bridges.’’ 
Paper—ArTHUR R. Lorp, “Notes on Concrete—Wacker Drive, 
Chicago.” 

Paper—FRANKLIN R. McMI.uan, “Concrete Primer.” 
Paper—L. G. Lenuaront, “The Concrete Lining of Detroit Water 
Tunnels.” 

Paper—I. E. Burks, “Concreting Methods at the Chute a 
Caron Dam.” 
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1931 Paper—Raymonp E. Davis and Harmer E. Davis, “Flow of 
Concrete under the Action of Sustained Loads.”’ 

1932 Paper—Cuar.es 8. Wuitney, ‘Plain and Reinforced Concrete 
Arches.” 

1933 Paper—L. Boyp Mercer, “Sliding Form Work.” 

1934 Paper—Raymonp E. Davis, R. W. Caruson, G. E. TROXELL 
and J. W. KEe.uy, ‘‘Cement Investigations for Boulder Dam with 
the Results up to the Age of One Year.” 


1935 Paper—Harpy Cross, ‘‘Why Continuous Frames?” 
1936 Paper—Gerorce A. Maney, “Analysis of Multiple Span Rigid 
Frame Bridges by the Slope Deflection Method.” 


1937 Paper—R. B. Youne, ‘“Concrete—It’s Maintenance and 
Repair.” 


The Wason Medal for Noteworthy Research Reported 
to the Institute 


S. C. Houutster, for advancing the art of bridge construction in the 
design, construction and test of a conerete skew arch as reported 
in his 1928 paper: “The Design and Construction of a Skew Arch.” 

H. F. GONNERMAN and P. M. Woopwortn for the work reported in 
their 1929 paper: “Tests of Retempered Concrete.”’ 

M. O. Wiruey, for the work reported in his 1931 Institute paper, 
“Long Time Tests of Concrete.”’ 

T. C. Powers, for work reported in his 1932 Institute paper, “‘Studies 
of Workability of Concrete.” 

A. G. Tims and N. H. Wiruey, for the work reported in their 1934 
Institute paper, ‘‘Temperature Effects on Compressive Strength of 
Concrete.” 

Ben Moree.it, DouGcias EF. Parsons, A. H. Strana for the work 
reported in two 1935 Institute papers involving studies of Mesnager 
Hinges (‘‘Articulations for Concrete Structures—the Mesnager 
Hinge”’ by Moreell and “Tests of Mesnager Hinges’ by Parsons 
and Stang.) 

J. R. SHank, for work reported in his 1936 Institute paper, “‘The 
Mechanics of Plastic Flow of Concrete.”’ 

F. E. Ricuart and T. A. Ouson for the work reported in their 1937 
paper “Rapid and Long-Time Tests of Reinforced Concrete Knee 
Frames.” 





ex 


«hee ott. 


—~ 


: 
i 
7 


a eee 





tr ek 


=f ee 


Wa Se Me I. be Ee eee OO 


748 AMERICAN CONCRETE INSTITUTE 
The Turner Medal 


Founded 1927 by Henry C. Turner, New York, past-president, 
American Concrete Institute, a gold medal will be awarded not oftener 
than once a year “for notable achievement in or service to the concrete 
industry.” 

Awarded, 1928, to ArtuHur N. Taxsor, for ‘outstanding contributions 
to the knowledge of reinforced concrete design and construction.” 
Awarded, 1929, to Wituiam K. Hart, for “pioneer work in reinforced 

concrete research; for a quarter century of devoted, outstanding 

and continuous service in developing the knowledge of concrete.”’ 
Awarded, 1930, to F. E. Turneraure, for “distinguished service in 
formulating sound principles of reinforced concrete design.”’ 
Awarded 1932 to Durr A. ABrams, for ‘‘the discovery and statement 
of important fundamental principles governing the properties of 
concrete and reinforced concrete.” 
Awarded 1934 to Joun J. Earuey, for “outstanding achievement in 
developing concrete as an architectural medium.” 
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Institute Affairs 


FISCAL YEAR JULY 1 
\ REPORT BY THE SECRETARY-TREASURER FOR THE BOARD 


’ 


1937 TO JUNE 30, 


1938 


The state of Institute affairs in any year is best seen in relation to other periods. 


Thus the trends of the Institute in the commonly accepted indices is shown graph- 


ically in the accompanying figures in members, dollars (receipts, expenditures, surplus) 


and in published pages for something over a decade. 


A more detailed reeord of the 


Institute’s affairs for the fiscal year ended June 30, 1938 as compared with previous 


years is in the two tabulations of these same factors. 


TABLE 1—TREND OF AMERICAN CONCRETE INSTITUTE 1926-1938 


Fis¢ al Year 
Ended 
June 30, 


Pages 


Members 


Proceedings 
or Journal 


Receipts 





1926 1935 796 26,115.44 
1927 2315 72 20,373.51 
1928 2530 SS2 37,867.35 
Mar. 31, 1929 2736 

1929 2616 SSO 39,899.01 
1930 2565 1278 39,837.84 
1931 2438 1996 36,871.64 
1932 1970 1112 28,839.51 
1933 1389 59S 19,347.81 
1934 1154 700 3.23 
1935 1161 688 18,553.17 
1936 1214 904 20,457.08 
1937 1416 **936 22,585.10 
1938 1559 ***1000 24,555.20 
*Surplus includes cash on hand and book value (cost 


not include accounts receivable 


**Includes supplement issued Sept.-Oct 
***Includes Supplement September 1938 


1937. 


of securities less accounts pays 


due to including Directory as a part of Annual Volume 


tReduction of cash 


Loss on securities sold 


Total Decrease in surplus 


End of 
Fiscal Year 
June 30, 
1921 
1922 
1023 
1024 
1925 
1026 


$3,651.07 


361.25 


$4,012.32 


tMargin of Receipts over Exp 


Lo 


TABLE 2—A. C. I. 
Active Contributing 
US 40 
SO S4 
SS7 77 
1191 OS 
142% 110 
1S19 116 
2193 120 
2407 121 
2502 113 
2455 109 
2343 4 
LSS 62 
Members 
(Ind, Corp ) 

1319 (916 403) 4S 
1099 (931 168) 41 
1102 (970 132) 37 
1147 (1016 131) 51 
i328 (1179 149) 6 
1450 (1206 154) 76 


(749) 


ss on sec 


ur 


Expenditures 


27,291.48 





34,446.39 
36,902.31 
43,154.47 
32,490.58 
20,680.28 
17,414.59 
19,653.67 
20,383.70 
24,863.20 
24,552.84 


ites sold 


Net Increase in surplus 


Honorary 


— i  ? 


10 


10 
9 
1O 


Q 


MEMBERSHIP, 1921-1938 


Student 


Surplus* 


4,250.4 
6,761.5 
12,076.59 





17,529 
20,464 
14,181.9 
10,169 

8,837.12 
990.76 
890.26 
£963.54 
5,685.54 
5,687.90 


21 
74 
l 
59 


+ 
+ 


sn 


able but does 


About half the page increase as compared with 1937 is 


$1,298.64 
1,145.00 


$ 153.64 


Total 


HSS 

SOO) 

O64 
1289 
1536 
1935 
2315 
2530 
2616 
2565 
2438 
1970 


1389 
1154 
1161 
1214 
1416 


1 559 
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© 30 
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I927 °28 °29 '30 ’3I ‘32 °33 '34 °35 °36 °37 1938 
Year 


A. C. I. TRENDS IN MEMBERS, DOLLARS, PAGES 


The fiscal year began with considerable promise of increased resources in both 
membership and income. On that basis the Board adopted a budget founded on 
an estimate of a 10 percent increase in income over the previous fiscal year. This 
anticipation was more than realized in the first two-thirds of the year, following 
which there was a sharp decline. The budget however was balanced with an addi- 
tion to surplus of $2.36. The net increase in membership in the period was 143, 
reaching a total June 30, 1938 of 1,559. 


About half of the increase shown in number of pages published in the JourNAL is 
accounted for by the fact that the membership directory, increased in scope to in- 
clude other information about the Institute, is now made a part of the annual sup- 
plement concluding the volume of Proceedings of 1938—to be ready in early October. 


It is superfluous to discuss here the contents of the JourRNAL for this volume 34. 
These contents are before all the membership and are best judged by every member 
for himself. 


The year is marked however by announcements of policy with reference to the 
Institute’s outlook upon and service to its field, bound to be reflected in the activity 
of the Institute’s administrative committees first and of its technical committees 
in turn. 
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For several years the Board of Direction has noted the tendency of the Institute 
to give increased attention to what might be called academic matters, to the conduct 
of research as contrasted with its import and to considerable theoretical discussion. 
It has noted in these records possibilities for considerable progress in the field of 
concrete. It has also noted the relative absence of such labors in the Institute as 
might be expected to translate into terms of actual design, construction and manu- 
facturing practice the increased knowledge of concrete at our disposal. 


This observation resulted a number of years ago in the creation of several com- 
mittees with assignments to bring into the Institute proposed recommendations for 
practice in relation to various phases of the Institute’s field. 


The time required to bring about that degree of unanimity which permits the 
standardization of practice recommendations has resulted in general in a failure to 
bring into the JourNAL the kind of contributions, both papers and reports, which 
would appeal to a very considerable number of Institute members and prospective 
members. 


Thus while the committees assigned to write recommendations for practice are 
continuing their labors, the administrative committees of the Institute, especially 
the Advisory, Program and Publications Committees, are now making diligent 
effort to bring before the Institute forum individual reactions of Institute members 
to the problems which they encounter—the nature of the problems themselves as 
they actually arise in practise and the solution of those problems as they have 
been worked out by individuals and agencies under various conditions. 


There is now a place in the Institute’s JouRNAL and a more emphatic effort to 
fill that place, for brief contributions which make no pretense at comprehensive 
coverage of a large subject, but which record individual experiences encountered in 
applying to practice the best knowledge now available. 


A part of this shifted emphasis in Institute labor will be evident in the near future 
in a new JOURNAL department, Job Problems and Practice. 


The last year has seen the inauguration of the new Standards committee charged 
with supervisory responsibilities in connection with proposed standards originating 
in our technical committees. 


The foregoing pages of this supplement contain more or less detailed information 
about committees, the rules under which committees operate, the tasks to which 
they are assigned, and their personnel. 











Honorary Members 


Elected by the Board of Direction 


ApDOLPH BUHLER 
Fritz EMPERGER 
WiuuraM K. Harr 
ALFRED E. LinpAu 
ARTHUR N. TAaLpor 
SANFORD E. THOMPSON 
F. E. TURNEAURE 
Henry C. TuRNER 
RicHarp L. HumpuHrey (Deceased) 
Epwarp D. Boyer (Deceased) 
R. W. Lesuey (Deceased) 
LEONARD C. Wason (Deceased) 








The list of members of the American Concrete 
Institute as of July 1, 1938, includes after each name, 
as usual, the year from which the membership dates. 
There is also, as prescribed by the Board of Direction, 
a recogniton of contributions to Institute work, in a 
record of (1) Institute Papers published; (2) Chairman- 
ships and Secretaryships of Technical Committees 
whose reports were published; (3) Service as member of 
an Administrative committee; (4) Service as a mem- 
ber of the Board of Direction (5) Winner of an 
Institute Medal; (6) Election to Honorary Member- 
ship. These records are set down after careful search 
of Institute files. The Secretary-Treasurer will be 
grateful for definite note of errors of omission or 
commission which have crept into this record. 
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, Members 

\ Individuals. . 1296 ' 
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MEMBERS 


AMERICAN CONCRETE INSTITUTE 


Diligent effort is made to keep the official membership card 
list corrected to date in every detail. This printed list is 
compiled from that with corrections to July 1, 1938. 
Contributing members’ and corporation members’ names 
are in capitals and the former are further designated by a 
(*). Both these membership classes are cross-indexed with 
listings of their representatives. If errors have crept in 
please notify us promptly. Names and addresses of new 
members will be published in the JoURNAL. 
—SECRETARY-TREASURER 


Abberley, Elbert K., (1927) Demarest, N. J. 

Abe, Mikishi, (1920) No. 10, Miyamura-Cho, Azabu-Ku, Tokyo, Japan 

Abrams, Duff A., (1910) 11 West 42nd St., New York, N. Y. 

Co-author: (with A. N. Talbot) “Method of Testing Cement Pipe’ V. 8. p. 713; 

Author: “Effect of Time of Mixing on the Strength and Wear of Concrete” V. 14, p. 
22 (Wason Medal for most meritorious paper, 1918); “Effect of Vibration, Jigging 
and Pressure on Fresh Concrete" V. 15, p. 63; “Flexural Strength of Plain Concrete” 
V. 18, p. 20; “Proportioning Concrete Mixtures"’ V. 18, p. 174; ‘““Making Good Con- 
crete’ V. 20, p. 175; “Tests of Impure Waters for Mixing Concrete’ V. 20, p. 422; 
“Water-Cement Ratio as a Basis of Concrete Quality,’’ V. 23, p. 452; ‘The American 
Concrete Institute and Concrete Research" V. 27, p. 953. Sec'y, Com. on Research, 
V. 17, p. 281; Sec’'y. Com. E-3—Research, V. 18, p. 198; Member: Publications Com- 
mittee, 1929; Board of Direction: Director, 1921-26; V. Pres., 1927-29; Pres., 1930-31; 
Past-Pres., 1932-38. Awarded (1932) Turner Medal for ‘‘The discovery and statement 


of important fundamental principles governing the properties of concrete and reinforced 
concrete.” 


Adams, Wm. (See Stuart’s Granolithic Co., Ltd.) 
Adler, Julius (1935) 2001 Architects Bldg., 17th & Sansom Sts., Philadelphia, Pa. 
Affleck, B. F., (1908) 210 S. La Salle St , Chicago, IIl. 
Member Board of Direction: Director, 1914; Director-at-Large 1934- - - 
Agramonte, Albert A., (1923) Simbron 3191, Buenos Aires, Argentina 
Ahlers, John G. (1920) Hughes-Ahlers Inc., 48 West 48th St., New York, N. Y. 
Author: (with Stanton Walker) “Field Tests of Concrete’’ V. 20, p. 358; (with J. J. 
Lindon and Millard F. Bird) ‘“‘Wear Tests on Finishes of Industrial Concrete Floors” 
V. 25, p. 778; “Report on Field Tests and Methods Used in Building Construction to 
Obtain Concrete of Specified Strength’ V. 19, p. 114; ‘‘New Experiences in Concrete 
Control” V. 22, p. 159; “Fire Damage to and Repair of a Concrete Factory Building” 
V. 26, p. 748; “Selecting Concrete Plant, Meadowbrook Hospital’’ V. 30, p. 142; 
“Experiences of an American Contractor in London, England” V. 33. p. 613. Ch. Com., 
C-1, Contractor's Plant, V. 19, p. 360; V. 20, p. 648; Ch. Com. 802, “Good Practice 
in Concrete Floor Finish'’ V. 26, p. 520; Member: Advisory Com., 1926-28; Board of 
Direction, Director, 1926-29 and 1932-34; Director-at-Large, 1934-35. 


Ahrens, Henry, (1936) 9406-34th Road, Jackson Heights, Queens Borough, New 
York, N. Y. 

Airey, Edwin, (1925) Governing Director, William Airey & Sons, Ltd., 
Eldon House, Leeds 2, England 

Aisher, O. A., (1932) The Marley Tile Co., Ltd., 10 Smith Square, Westminster, 
S.W.I., England 

Alba, Fernando de (/938) Comision N. de Irrigacion, La Angostura, Sonora, 
Mexico 

Alessandri A., Carlos (1938) Huerfanos 1294 of 51, Santiago, Chile 

Alexander, E. C., (1927) Massey Concrete Products Co., 939 Peoples Gas Bldg., 
Chicago, III. 

Alexander, J. B. (See Southwestern Portland Cement Co.) 

Alin, A. L., (1920) 271 Cedar Blvd., Pittsburgh, Pa. 
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Allan, W. D. M., (1928) Portland Cement Assn. 33 W Grand Ave., Chicago, IIl 


Author: (with R. E. Copeland) “Technological Developments in Fireproof Concrete 
Homes” V. 29, p. 351. “‘The Possibilities and Limitations of Present and —_ ire 
Markets for Concrete Building U nits’ *V.18, p. 155; “Standards of Performance of Con- 
crete For Stucco’’ V. 25, p. 794; “Shrinkage Measurements of Concrete Mason ry V a 
26, p. 699; “Shrinkage Measurements of Concrete Block Masonry” V. 28, p. 17 
Sec’y, Com. P-6, Concrete Products Plant Operation, V. 18, P. 260; Ch. Com. 401. 
“Portland Cement Stucco Finishes” V. 26, D- 29; Ch. Com. 408, ‘“‘The Use of Color in 
Concrete” V. 27, p. 975; Ch. Com., 709, “‘Specification for Concrete Burial Vaults’’ 
(Proposed) V. 27, p. 1251 (Tentative) V. 28, p. 633. Member Advisory Com. 1930-33. 


Allbright, Edwin F., (1928) Grid Flat Slab Corp., 761 Dudley St., Boston, Mass. 

Allen, Cleveland (1924) 11 Woods Edge Road, West Medford, Mass. 

Allen, H. S.(1927) 13th & Holmes St., North Kansas City, Mo. 

Allen, John E., (1925) 71 Church St., Winchester, Mass. 

Allen, O. T., (1920) American Steel & Wire Co., 208 S. LaSalle St., Rm. 1422, 

Chicago, IIl. 

ALLENTOWN PORTLAND CEMENT CO., (1910) Catasauqua, Pa. (R.S 
Weaver) 

*ALLENTOWN PORTLAND CEMENT CO., (1/936) 128 Bridge St., Catasauqua, 
Pa. (F. A. Weibel, Secy. & Treas.) 

*ALPHA PORTLAND CEMENT CO., (1905) Easton, Pa. (Louis Anderson, Jr. 
Altman, Frank S., (1935) 814 Northwestern Bank Bldg., Minneapolis, Minn. 
Alvarez, Armando M., (1926) Apartado 1399, Lima, Peru, South America 
Alves de Lima, Jorge, (1929) 51 Rua Libero Badaro, Sao Paulo, Brazil 
Alvord, Henry B., (1925) Northeastern University, 316 Huntington Ave., Boston, 

Mass. 
Administrative Assistant, A. C. I. 1917; Sec'y, 1918-19. 
AMBURSEN CONSTRUCTION CO., INC., (1927) 295 Madison Ave., New 
York, N. Y. (L. A. Robb) 
*AMERICAN AGGREGATE CO., (1936) 715 National Fidelity Bldg., Kansas 
City, Mo. (J B. Cleary, Gen. Mgr.) 
AMERICAN BUILDERS SUPPLY CO., (1930) 405 Garden St., Louisville, Ky. 
(Jas. F. McCracken) 
AMERICAN CAN CO., (1914) 230 Park Ave., New York, N. Y. (C. G. Preis) 
AMERICAN CONCRETE PIPE ASSOCIATION, (1922) 33 West Grand Ave., 
Chicago, Ill. (M. W. Loving) 
AMERICAN CONCRETE & STEEL PIPE CO., (1937) P. O. Box 1428, Arcade 
Station, Los Angeles, Calif. (H. H. Jenkins, Vice-Pres. 
AMERICAN VAULT CO., (1931) 114 Midland Ave , Port Chester, N Y. (F. H. 
Van Ness) 
Amirian, Thomas F., (1937) 31 Grove St., Boston, Mass. 
Anaya y S, Manuel (1938) Comision Nacional de Irrigacion, Angostura, Son., 
Mexico 
Andersen, Paul (1/937) Civil Engineering Dept., University of Minnesota, Minne- 
apolis, Minn. 


Author: “Rectangular Concrete Sections Under Torsion”’ V. 34, p. 1. 

Anderson, E. T. (See Sisalkraft Co.) 

Anderson, Jr., Louis (See Alpha Portland Cement Co.) 

Andersson, David, (1924) Ch. Engr. Aktiebolaget Armerad Betong, Malmo, 
Sweden 

Andrews, L. E., (1928) 634 W. State St., Trenton, N. J. 

Anonas, Gregorio (See Cebu Portland Cement Co. 

ANTI-HYDRO WATERPROOFING CO., (1921) 265 Badger Ave., Newark, N. 
J. (M. W. Meyer) 

Arango, Henrique G., (1931) P. O. Box 846, Panama City, Panama 




















Membership List 757 


Arata, Winfield H., (1936) 1680 Sloat Blvd., San Francisco, Calif. 
Arenas, Eduardo, (1927) Santa Fe 2992, Buenos Aires, Argentina 
Arias, de B., Jorge, (1936—Student) 3 Ave. Sur No. 65, Gautemala City, Guate- 
mala, C. A. 
ARIZONA HIGHWAY DEPT., (1926) 17th Ave. & Jackson St., Phoenix, Ariz. 
(J. W. Powers, Testing Engr. 
Arndt, Alfred F., (1932) Secretary Humboldt Mfg. Co., 2014 Nebraska Ave., 
Chicago, III. : 
Arneberg, Birger, (1937) 12 Maplehurst Park, Apt. 22, Knoxville, Tenn. 
Asarpota, D. M., (1936) Lal Darwaja, Ahmedabad, India 
*ASH GROVE LIME & PORTLAND CEMENT CO., (1936) Chanute, Kansas. 
(A. D. Conrow 
Askren, David W., (1937) 212-217 W. Auburne Ave., Bellefontaine, Ohio 
ASSOCIATED CEMENT COMPANIES, LTD., THE, (1937) Esplanade House, 
Waudby Road, Bombay, India. 
ASSOCIAZIONE ITALIANA PER GLI (1927) Studi sui Materiali da Costruz- 
ione, Viale Telle Milizie 16, Rome, Italy (Camillo Guidi 
Avilez, Ignacio, (1936) Ferrocarriles Nacionales de Mexico, Dpto. via y Edificios, 
Estacion Colonia, Desp. 210, Mexico City, Mexico 
Ayers, Joseph W. (See C. K. Williams & Co. 
Ayers, L. K., (1930) Geo. S. Mepham & Co., 2001 Lynch Ave., E. St. Louis, IIl. 
Babcock, Charles D., (1937) Cattaraugus, N. Y. 
Babcock, H. A., (1924) 1004 C. P. R. Bldg., Toronto, Ont., Canada, (Margison & 
Babcock) 
Backus, Richard A., (1927) Voorhees, Gmelin & Walker, 101 Park Ave., New 
York, N. Y. 
Bahmeier, H. F., (1938) Box 402, Ashton, Idaho 
Baker, Hugh J., (1937) 602 W. McCarty St., Indianapolis, Ind. 
Baker, Samuel, (1927) International Correspondence Schools, Scranton, Pa 
Baker, W. W., (1937) International Boundary Commission, Box 230, Las Cruces, 
N. M. 
Bakker, J. A. (1920) Technische Hoogeschool, Oostplantsoen, Delft, Holland 
Balcom, H. G., (1930) 10 E 47th St., New York, N. Y. 
Ball, Chas. F. (See Chain Belt Co. 
Author: “Concrete by Pump and Pipeline’ V. 32, p. 333. 
Ball, Donald G., (1938) 8 Frederick St., Belmont, Mass. 
Ballou, Henry W., (1921) 2600 Industrial Trust Bldg., Providence, R. I. 
Barclay, J. B., (1928) 2879 West 28th Ave., Vancouver, B. C., Canada 
Barnes, George E., (1934) Head of Dept. of Civil Engineering, Case School of 
Applied Science, Cleveland, Ohio 
Barney, W. E., (1934) South Park, Ohio 
*BARNEY CORP., W. J., 101 Park Ave., New York, N. Y. (Wm. Joshua Barney 
Barney, Wm. Joshua (See A. J. Barney Corp. 
Barona, Federico, (1938) Caripeche 234, Dept. 4, Mexico, D. F. Mexico 
Barron, S. N., (1928) Cudham Court, Cudham, Kent, England 
Bartholomew, Tracy (See Duquesne Slag Products Co. 
Baruch, Herbert M., (1927) 62514 S. Olive St., Los Angeles. Calif. 
Bashore, H. W., (1937) 406 E. 11th St., Casper, Wyo. 
Bateman, John Henry, (1/938) College of Engineering, Louisiana State University, 
University, La. 
’ Co-author with Alfred H. White) ‘Soaps as Integral Waterproofings for Concrete 


V. 22, p. 535. 
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Bates, P. H., (1926) National Bureau of Standards, Washington, D. C. 

Author: (with J. R. Dwyer) ‘‘Cement as a Factor in the Workability of Concrete” 
V. 24, p. 43; (with C. H. Jumper) “‘Notes on the Progress of Some Studies on Crazing 
of Portland Cement Mortars” V. 24, p. 179; (with R. L. Blaine) ‘‘Notes on Hardening 
Cements at the Boiling Point of Water" V. 28, p. 531; “‘Review of the Present Status 
of Iron Portland Cement” V. 8, p. 566; ‘‘The Constitution of Portland Cement. Some 
Results Obtained at the Experimental Cement Plant of the Bureau of Standards’’ 
V. 9, p. 368; ‘The Properties of Portland Cement Having a High Magnesia Content,” 
V. 10, p. 470; “Some Further Results Obtained in Invesitgating the Properties of Port- 
land Cements Having a High MgO Content” V. 10, p. 89; “Crazing on Cement 
Products” V. 21, p. 126; ‘“‘Why Time is a Factor in the Study and Use of Cement” 
V. 23, p. 436; “Trends in the Production and Use of Various Types of Hydraulic 
Cements” V. 31, p. 225; “At the Forks’ V. 32, p. 401. Ch. Com., 202, “Variations in 
Standard Portland Cement’ V. 26, p. 65. Member: Publications Com., 1929-34, Ch. 
1937-; Program Com., 1934 and 1937-, Ch. 1930-32: Advisory Com., 1930-34 and 
1937-; Standards Com., 1937-; Board of Direction, Director, 1926-31; V. Pres., 1932- 
33; Pres., 1934-35 (July 1934-Feb. 1936); Past Pres., 1936-. 


Battey, Paul L., (1937) Battey & Childs, Inc., 231 So. LaSalle St., Chicago, Ill. 


Bauer, E. E., (1923) 204 Talbot Laboratory, University of Illinois, Urbana, III. 
Author: “High Early Strength Concrete”’ V. 25, p. 314. 


Baumberger, C. (See San Antonio Portland Cement Co.) 

Bayle, Jr., Geo. F. (See Glens Falls Portland Cement Co.) 

Baylor, H. D. (See Louisville Cement Co.) 

Bayot, Jean M., (1935) Apartado 663, Caracas, Venezuela 

Beatty, W. F., (1936) 6 Waterloo Gardens, Belfast, Ireland 

Bechyne, Stanislav, (1934) Troja 185, Prague, Czechoslovakia 

Becker, Wm. C. E., (1922) 4119 San Francisco Ave., St. Louis, Mo. 

Beckett, Garner A., (1924) c/o Riverside Cement Co., 621 S. Hope St., Los 
Angeles, Calif. 

Beckwith, G. L., (1931) P. O. Box 602, Morgan Hill, Calif. 

Beer, Robert G., (1937) 99 Livingston St., Brooklyn, N. Y. 

Beers, W. D., (1933) Salt Lake City Corp., Engineering Dept., Salt Lake City, 
Utah 

Begg, R. B. H., (1931) Blacksburg, Va. 

Belliveau, J. E., (1932) Nova Scotia Dept. of Highways, Halifax, Nova Scotia, 
Canada 

Belz, Charles J., (1936) University of Dayton, Dayton, Ohio 

Beman, Willard J., (1927) Box 561, Tehachapi, Calif. 

Bender, E. O., (1937) 23 Jackson Terrace, Newton, Mass. 

Benham, Sanford W. (1926) Indiana State Highway Comm., Dept. of Materials 
& Tests, 532 West Market St., Indianapolis, Ind. 

Bennett, John G., (1930) 707 Dominion Bank Bldg., Vancouver, B. C., Canada. 

Bennett, J. Gardner, (1928) Lewis Institute, 1951 Madison St., Chicago, II. 

BERETTA ENGINEERS, INC., J. W., (1930) 1203 Nat’l Bank of Commerce 
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Young, R. B., (1917) Hydro Electric Power Comm., 8 Strachan Ave., Toronto, 
Canada 


Author: “Seven Years of Experience with the Job Control of the Quality of Con- 
crete’ V. 22, p. 79; ‘‘Lessons from Concrete Structures in Service’ V. 25, p. 64; ‘‘More 
Lessons from Concrete Structures in Service’ V. 27, p. 1065; (with Wilfred Scinnarr) 

““Manufacturing Concrete During Cold Weather” V. 30, p. 279; (with Wilfrid Schnarr) 
“Cold Weather Protection of Concrete”’ V. 30. p. 292; “Inspe ction of Concrete” V. 32, 
p. 46; “Concrete: Its Maintenance and Repair’ V. 33, p. 367; (Wason Medal for most 
meritorious paper). ‘“‘The Autoclave Test and Interpretations” V. 34, p. 13. Sec’y 
Com. C-6, Field Methods, V. 20, p. 556; V. 23, p. 631; Member: Advisory Com., 
1929-; Ch. Program Com. 1933-34, Member, 1935-; Publications Com., 1933-; 
Board of Direction, Director, 1930-35; Director-at-Large 1936-37; Vice-Pres. 1938-. 
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Young, Roy N., (1921) Young Bldg., Allentown, Pa. 
Young, Walker R., (1937) c/o U. S. Bureau of Reclamation, Old Port Bldg., 
Sacramento, Calif. 
Younghusband, V. G. (See The Foundation Co. of Canada Ltd.) 
Ytterberg, C. F., (1928) c/o Kalman Floor Co., 110 E. 42nd St., New York, N. Y. 
Zachry, H. B., (1927) Engineering & Constr. Co., Laredo, Tex. 
Zass, W. W., (1926) c/o State Highway Comm., Little Rock, Ark. 
Zipprodt, Roy R., (1920) Rm. 423, Engineering Bldg., Columbia University, New 
York, N. Y. 
Co-author: (with W. A. Slater) “Compressive Strength of Concrete in Flexure”’ 
V. 16, p. 120; Author: ‘Recent Noteworthy Developments in Concrete’s Use in Housing 


Construction’ V. 31, p. 462. Sec’y Com. 501, “Progress Report on Building Regula- 
tions for Reinforced Concrete” V. 31, p. 181, (tentative 1936) V. 32, p. 407. 
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Geographical List—A. C. I. Membership 


(For detailed addresses see Alphabetical List) 


Alabama 


Birmingham— Caldwell, Wallace L. 

Chapman, L. M. 

Connors Steel Co. (Geo. W. Connors) 

lreland, C. E. 

Lone Star Cement Corp. (J. W. Johns- 
ton, V. P.) 

National Cement Co. (J. M. Dannelly, 
Jr.) 

Polk, A. C. 

Sieverling, P. A. 

Woodstock Slag Corp. (Geo. A. 
Mattison, Jr.) 

Guntersville Dam—Nowlin, Wm. D. 

Mobile—Converse, J. B. 

Montgomery—Houk, Howard H 

New Hope—Swindell, Jr., George B. 

Tuscaloosa— Davis, Philip 

Wilson Dam—Brown, Ralph Charles 


Arizona 


Cave Creek—Robison, John W. 

Ryland, E. W. 

Thompson, James H. 

Phoenix—Arizona Highway Dept. (J. 
W. Powers) 

Koppen, E. C. 

Yuma—Elliott, C. B. 

Foster, L. J. 

Jackson, C. M. 

Morgan, Donald 

Noble, Philip M. 

Rohrer, John K. 


Arkansas 


Little Rock—Lander, R. S. 
Lumpkin, L. E. 

Ricketts, D. D. 

Zass, W. W. 


California 


Alhambra—Renz, Carl F. 

Antioch—Boden, O. G. 

Banning—Blake, Tenney E. 

Reid, Edward C. 

Berkeley—Brown, Elwood H. 

Davis, Harmer E. 

Davis, Raymond E. 

Eberhart, H. D. 

Fletcher, Philip N. 

Gelston, A. S. 

Hunt, Loren W. 

Jameyson, Bruce 

Jorgenson, Lars 

Kelly, J. W. 

Klein, Alexander 

Morin, John A. 

Russell, Alexander 

Steilberg, Walter T. 

Stiff, C. K. 

Troxell, G. E. 

Wiskocil, C. T. 

Boca—Hales, Charles S. 

Calexico—Fertig, Jerome H. 

Gerhart, J. W. 

Claremont—Edwards, Harlan H. 

Colton—California Portland Cement 
Co. (W. C. Hanna) 

Cowell—Cowell Portland Cement Co. 
(W. H. George) 

Davenport—Santa Cruz Portland Ce- 
ment Co. (E. W. Rice) 

Fresno—Chutter, H. W. 

Twining, F. E. 

Long Beach—Evans, L. T. 

Lucas, Glenn T. 

Mitchell, S. R. 

Wailes, Jr., C. D. 

Los Angeles—American Concrete & 
Steel Pipe Co. (H.H. Jenkins) 

Baruch, Herbert M. 











Geographical List 


Beckett, Garner A. 
Blume, Louis 
Chadwick, W. L. 
Dixon, Arthur E. 
Hill, Louis C. 
Hiller, Robert J. 
Howard, Frank L. 
Howell, C. H. 
Hunt, Carll W. 
Jumper, Harry D. 


Los Angeles Bureau of Standards (T. 


A. Fitch) 


Monolith Portland Cement Co. (R. B. 


Soldini 
Nutter, Ben E. 
Pelsue, H. H. G. 
Potts, A. H. 
Powell, F. H. 


Riverside Cement Co. (Warren H. 


Leonard) 
Riverside Cement Co. 
Roberts, Dwight F. 


Southwestern Portland Cement Co. 


(F. H. Powell) 
Stewart, Raphael E. 
Trueblood, Wilford S. 
Tuthill, Lewis H. 
Viber Co., Ltd. (E. B. Jorgensen) 
Warren, Althea 
Merced—McCanless, W. A. 


Yosemite Portland Cement Corp. (A. 


E. Wishon, Pres.) 
Monolith— Hart, O. C. 
Morgan Hill—G. L. Beckwith 
Oakland—Boggs, Wallace B. 
Cole, William R. 
Corlett, Will G. 
Davis, Philip K. 
Hersey, T. S. 
Ivy, Raymond J. 
Kleckner, William R. 
Shanley, Edmund M. 
Palomar Mt.—Hill, Byron A. 
Parker Dam—Bunger, Howard P. 
Enger, Walter M. 
Moritz, E. A. 
Talbot, Kenneth H. 
Waddell, Joseph J. 
Woods, Clinton D. 
Pasadena— Martel, R. R. 
Mills, Henry J. 
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Redding— Douglass, C. T. 

Lewis, Lyndall W. 

Redwood City—Bollinger, Eldred F. 

Riverside—W oods, Hubert 

Sacramento—Hawley, Geo. W. 

Hollister, Leonard C. 

Stanton. T. E 

Young, Walker R. 

San Francisco—Arata, Winfield H. 

Broberg, Harrison 

Brunnier, H. J. 

Calaveras Cement Co. (T. H. Hin- 
shaw) 

Calaveras Cement Co. (William Wal- 
lace Mein, Jr.) 

Cone, R. G. 

Crenshaw, Allen E. 

Day, W. P. 

Dewell, Henry D. 

Dresser, Jr., Theo. P. 

Dreyer, Walter 

Furlong, Irving 

Hammill, Harold B. 

Huber, Walter L. 

Jellick, J. E. 

Nishkian, L. H. 

Santa Cruz Portland Cement Co. 
(George R. Gay) 

Southern Pacific Company (W. H. 
Kirkbride) 

Williams, Joseph W. 

Woodruff, G. B. 

San Pedro—Earle, E. C. 

Santa Cruz—Finkeldey, Fred A. 

Santa Monica—MacNee, R. B. 

Stanford University— Morris, Samuel 
B. 

Williams, Harry A. 

Tehachapi—Beman, Willard J. 

Watsonville—Fowle, R. E. 

Woodland—Proctor, Asa G. 


Colorado 


Boulder—Raeder, Warren 
Denver—Blanks, R. F. 

Byrne, Wayne S. 

Cheek, Wm. B. 

Glover, Robert E. 

Herdman, Robert F. 

Ideal Cement Co. (R. J. Morse) 
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Karrer, Wilfrid L. 
Keener, K. B. 
Larson, Vaud E. 
Mandry, James E. 
Meade, P. F. 
Meissner, Harmon S. 
Price, Walter H. 
Rawhouser, Clarence 
Ruettgers, Arthur 
Savage, J. L. 
Shankland, R. G. 
Vidal, E. N. 

Weber, Walter R. 
Wood, E. B. 

Yeates, Alexander H. 
Montrose—Paul, D. J. 


Connecticut 


Bridgeport—Thornton, William C. 

Clinton—Chittenden, Howard L. 

Darien—Simpson, Geo. 

Hartford—Buck, Henry Wolcott 

Crosby, Henry L. 

Ennis, Wm. J. 

Grove, William G. 

Kennedy, Edward H. 

New Haven—Bishop, C. T. 

Crane, Theodore 

Cross, Hardy 

Eckle, John N. 

Portland—Connecticut State High- 
way Dept. (F. G. Flood) 


Delaware 


Dover — Delaware State Highway 
Dept. (W. W. Mack) 

Newark—Mylrea, T. D. 

Wilmington—Rogers, R. D. 


District of Columbia 


Washington—Bates, P. H. 
Bogue, Robert H. 
Bradbury, R. D. 
Christensen, C. C. 
Clemmer, H. F. 

Cotter, C. H. 

Crum, R. W. 

Davis, Watson 


Denton, W. Edward 
Dwyer, John R. 
Edwards, Llewellyn N. 
Fishburn, Cyrus C. 
Goldbeck, A. T. 
Hunter, A. D. 
Jackson, F. H. 
Jumper, Chas. H. 
Kalousek, George L. 
Kellerman, Wm. F. 
Lapham, John R. 
Love, Harry J. 
McBurney, John W. 
McDaniel, Allen B. 
McMillan, M. J. 
Moreell, Ben 
National Paving Brick Mfgs. Assn. (G. 
F. Schlesinger) 
National Ready Mixed Concrete Assn. 
(Stanton Walker) 
National Sand and Gravel Assn. (Stan- 
ton Walker) 
Oehmann, John W. 
Parsons, Douglas E. 
Pisapia, Edward A. 
Rawson, R. A. 
Rich, Melvin S. 
Riddle, C. D. 
Saum, Irving R. 
Schuette, Oswald F, 
Seibert, Charles Jay 
Spiker, W. C. 
Stang, Ambrose H. 
Steele, Byram W. 
Thompson, Dewey 
Trainor, Lee S. 
Traver, Floyd D. 
Tucker, Jr., John 
Walker, Stanton 
Yingling, Clinton K, 


Florida 


Gainesville—Miltimore, Cora 

Miami—Hardin, Hal P. 

Tampa—Brown, Geo. D. 

Florida Portland Cement Co. (F. M. 
Traynor) 

















Geographical List- 


Georgia 


Atlanta—Crocker, C. N. 

McDonald, J. Harry 

Marshall, Jr., J. M. 

Oliver, Herbert D. 

Rockmart—Southern States Portland 
Cement Co. (W. B. Elcock) 


Idaho 


Ashton—Bahmeier, H. F. 
Cordon, W. A. 

Parker, H. A. 

Sutherland, J. R. 

Boise— Newell, Robert J. 
Sanford, H. 

Studebaker, Claude H. 
Caldwell—Higginson, Elmo C. 


Illinois 


Champaign—Kent, Paul F. 

Roy, N. H. 

Chicago—Affleck, B. F. 

Alexander, E. C. 

Allan; W. D. M. 

Allen, O. T. 

American Concrete Pipe Assn. (M. W. 
Loving) 

Arndt, Alfred F. 

Battey, Paul L. 

Bennett, J. Gardner 

Boase, A. J. 

Boettner, J. L. 

Bowlby, H. L. 

Brundage, Avery 

Bullen, C. H. 

Calumet Steel Co. (F. G. Carrel) 

Chicago University of, (L. R. Flook 

Cleary, James M. 

Concrete Reinforcing Steel Inst. (W. 
S. Thomson) 

Cowham Engineering Co. (A. E. Hjerpe) 

Cummings, A. E. 

Davis, G. E. 

Doll, Theodore 

Duffy, Joseph L. 

Emerson, H. B. 

Epstein, A. 

Farmer, Homer G. 

Flood, Walter H. 
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Gibson, E. L. 

Gonnerman, H. F. 

Gosswein, O. H. 

Heckel, E. J. 

Hill, W. N. 

Hunter, Robert C. 

Huntly, Phil C. 

Hunt Co., Robert W. 

Inland Steel Co. (A. C. Roeth) 

Kaiser, W. G. 

Kalinka, J. E. 

Kanter, J. A. 

Karcz, Michael J. 

Keatinge, Paul F. 

Kinney, William M. 

Kushing, John W. 

Leffler, Ralph R. 

Lehle, George L. 

Lindsay, G. L. 

Logeman, R. T. 

Lord, Arthur R. 

Lurie, E. M. 

McClurg, Verne O. 

McKeague, E. D. 

McKenzie, N. H. 

McMillan, Franklin R. 

Mall Tool Company (M. Rehnquist) 

Many, Ben J. 

Marden, E. R. 

Marquette Cement Mfg. Co. (D. S. 
Colburn) 

Marquette Cement Mfg. Co. (W. A. 
Wecker, Pres.) 

Masonite Corporation 
kin 

Mehren, E. J. 

Menzel, Carl A. 

Moore, O. L. 

Morgan, Charles E. 

Moulton, A. G. 

Myren, B. J. 

Palmiers, Mario 


Thos. D. Gas- 


Pearse, Langdon 
Peck, Roy L. 
Phillips, R. S. 

Post. ©. ts 

Powers, Treval C. 
Rader, B. H. 

Rail Steel Bar Assn. 
Ramseyer, Chas. F. 
Randall, Frank A, 


H. P. Bigler 
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Rockwood, Nathan C. 

Rogers, Lester C. 

Sauermann, Otto 

Schneider, H. B. 

Schuettge, Ralph T. 

Scott, Robert G. 

Sheets, Frank T. 

Shields, H. C. 

Sisalkraft Co., The (E. T. Anderson) 

Smikel, Frank H. 

Smith & Brown, Engineers, Inc. 
(Albert Smith) 

Stedje, J. J. 

Stineman, Norman M. 

Swope, Howard M. 

Taylor, Thomas G. 

Timms, A. G. 

Universal Atlas Cement Co. 


Universal Atlas Cement Co. (F. L. 


Stone) 
Van Trump, Isaac 
Walker, C. G. 
Walker, Frank R. 
Webb, Claude A. 
Wells, F. Harris 
Wertz, Louis S. 
Witt, J. C. 
East St. Louis—Ayers, L. K. 
Evanston— Boulton, H. S. 
Lindau, A. E. 
Maney, G. A. 
Glen Ellyn—cCollier, Theodore F. 
Hinsdale—Brock, Arthur S. 
McKinstry, Ross W. 
La Salle—Butler, C. M. 
Moline—Keller, Norman E. 
Oglesby—Groll, Philip A. 
Pekin—Olson, Tilford A. 
Rock Island—Comess, Sam 
Springfield—Glover, V. L. 
Urbana—Bauer, E. E. 
Crandell, John S. 
Dell, George H. 
Huntington, W. C. 
Jensen, V. P. 
Kluge, Ralph W. 
Morgan, N. D. 
Newmark, Nathan M. 
Olson, Emery 


Renner, W. A. 

Richart, F. E. 

Shedd, Thomas C. 

Siess, Chester P. 

Talbot, Arthur N. 

Wilson, Wilbur M. 

Western Springs—Schad, James A. 


Indiana 


Angola—Holden, Loyle C. 

Bloomfield—Brassert, Walter 

East Chicago—Gaither, J. T. 

Fort Wayne—Miller, J. E. 

Hammond—Besozzi, Leo 

Luetzelschwab, Edgar J. 

Indianapolis—Baker, Hugh J. 

Benham, Sanford W. 

Hindman, R. B. 

Rayburn, Jr., E. B. 

Rohlwing, A. W. 

Lafayette—Crepps, R. B 

Hatt. William K. 

Hubler, J. W. 

Mills, R. E. 

Poorman, A. P. 

Springer, G. P. 

Speed—Louisville Cement Co. (H. D 
Baylor) 


Iowa 


Ames—Blumenschein, E. W 

Caughey, Robert A. 

Dunagan, W. M. 

Gilkey, Herbert J. 

Heitman, Richard 

Morris, Mark 

Murphy, Glenn 

Stoddard, A. E. 

Davenport—Crabbs, Austin 

Ernst, E. S. 

Ferrel, K. P. 

Des Moines—Dierking, R. F. 

Fisher, R. J. 

Handy, Walter N. 

Mandia, Jas. V. 

Patzig, Monroe L. 

Iowa Falls—Welden, E. 

Mason City—Northwestern States 
Portland Cement Co. (G. C. Black- 
more) 











Geographical List- 


Northwestern States Portland Cement 
Co. (G. C. Blackmore) 

Moorhead—Jones, Ray W. 

Moville—Everhart, C. C. 

Sioux City—Johnson, T. H. 

Tama—Rossiter, Paul 

Waterloo— Bluedorn, Carl A. 

Douthett, C. L. 


Kansas 


Chanute—Ash Grove Lime & Port- 
land Cement Co. (A. D. Conrow) 

Gardner, Guy O. 

Fredonia—Consolidated Cement Corp. 
(L. W. Rogers) 

Dennis, J. W. 

Piller, A. Edward 

Hutchinson—Grothe. Wm. F. 

Manhattan—McCaulley, George 

Topeka—Justice, R. J. 

Pierce, A. F. 


Kentucky 


Covington—Hodges, Jr., J. E. 

Louisville—American Builders Supply 
Co. (Jas. F. McCracken) 

Kosmos Portland Cement Co. (A. W. 
Horner) 

Wendt, W. B. 

Providence—Jones, Clarence W. 


Louisiana 


New Orleans—Derickson, Donald 

Lone Star Cement Corp. (H. A. Saw- 
yer) 

Rice, George P. 

Shilstone, Herbert M. 

Ruston—Sessums, Roy T. 

University—Bateman, John Henry 


Maine 


Augusta— Mason, Frank H. 

Orono—Technology Experiment Sta- 
tion, University of Maine (H. 
Walter Leavitt) 


Maryland 


Baltimore—Greiner, J. E. 
Higgins, N. B. 
Lane, H. A. 
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Spencer, Arthur C. 

Timlin, M. A. 

Winkler, Jr., E. R. 

Bel Air—Wood, James 

Bethesda—Brouk, Otto 

Chevy Chase—Herschel, Winslow H. 

College Park—Enrnst, George C. 

Security—North American Cement 
Corp. (E. S. Guth) 

Silver Springs—Lepper, Jr., Henry A. 

Union Bridge—LaForge, G. S. 


Massachusetts 

Belmont— Ball, Donald G. 

Garland, Chesley F. 

Boston—Allbright, Edwin F. 

Alvord, Henry B. 

Amirian, Thomas T. 

Blodgett, Malcolm 

Bratt, Albert V. 

Brickett, Edward M. 

Brown, Maurice F. 

Chellis, Robert D. 

Cheever, Walter G. 

Corson, R. C. 

Cowan, Benjamin M. 

Cummings, Matthew 

Cutler, M. H. 

Dobler, Oscar S. 

Dockstader, E. A. 

Fay, Frederick H. 

Forbrich, Louis R. 

Jackson & Moreland (F. M. Carhart) 

Linenthal, Mark 

McMullen, Ernst W. 

Main, Charles T. 

Nichols, John R. 

Norton, Paul W. 

Norwood, Edgar A. 

Reidy, Maurice A. 

Ryan, Charles N. 

Sherman, Herbert L. 

Stone & Webster Engrg. Corp. (E. A. 
Dockstader) 

Thompson, Sanford E. 

Thompson-Lichtner Co. Inc. 
N. Clair) 

Turner, J. M. 

Whittaker, B. J. 

Worcester, J. R. 

Cambridge—Carlson, Roy W. 


(Miles 
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Fife, W. M. 

Haertlein, Albert 

Kennedy, Henry L. 

Mehringer, Frank J. 

Mirabelli, Eugene 

Mitsch, John D. 

Peabody, Jr., Dean 

Rappoli, Edmund J. 

Staley, Howard R. 

Westergaard, Harald M. 

Wilson, Francis W. 

Clinton—Innamorati, A. W. 

Dedham—Flynn, William F. 

Dorchester—Gibson, Arthur E. 

O’ Rourke, James A. 

Everett— McGillivray, Harold Joseph 

Gloucester—Ultimate Paving Block 
Corp. of America (Louis F. Hewett) 

Lenoxdale—Berkshire Gravel Co. (A. 
I. Newton) 

Lynn—Hilton, William B. 

Medford—Allen, Cleveland 

Freedman, J. 

Glynn, Jr., F. S. 

Mardulier, F. J. 

Newton, Donald 

Parks, Frederick B. 

Powers, Chester J. 

Melrose —Cates, Vincent K. 

Melrose Highlands—Kimball, John 

Milford—-Corbett, W. E. 

Newton—-Bender, E. O. 

Sampson, George A. 

Newton Center—Phillips, Silas B. 

Somervil|'e—Bjornson, Henry L. 

Gray, Howard Allison 

Hurley, John J. 

Springfield— Marshall, Hubert M. 

Roy, Joseph E. 

Swampscott—Hume Pipe of New 
England, Inc. (Joseph A. Dunn) 

Latham, Charles H. 

Taunton—Rose, Joseph S. 

Watertown— McCarthy, Robert E. 

Snyder, F. S. 

Wellesley— Markey, Joseph J. 

Protze, Jr., Herman G. 

Wellesley Farms—Voss, Walter C. 

West Roxbury— Noone Sand & Gravel 
Co., Geo. H. (Ava M. Noone) 

Winchester—Allen, John E. 


Michigan 

Alpena—Besser Manufacturing Co. 
(J. B. Besser, Pres.) 

Boyd, Edwin A. 

Ann Arbor—Emmons, W. J. 

Menefee, F. N. 

Sherlock, R. H. 

Coldwater—Wolverine Portland Ce- 
ment Co. 

Detroit—Calcium Chloride Assn. 
(Fred Burggraf) 

Cooper, Gage W. 

Detroit Edison Co. (A. S. Douglass) 

Elms, Stephen F. 

Flord, William H. 

Hirshfeld, C. F. 

Huron Portland Cement Co. (A. J. 
Rooney, V. P.) 

Johnston, C. C. 

Kahn, Albert 

Kennedy, John W. 

Lenhardt, L. G. 

MacKenzie, W. S. 

Maguire, Walter J. 

Mason, Roscoe J. 

Metzen, E. B. 

Morse, Floyd C. 

Nagel, W. G. 

Nelles, John S. 

Peerless Cement Corp. (Charles A. 
Luck) 

Peerless Cement Corp. (H. L. Henson) 

Peerless Cement Corp. (A. C. Eichen- 
laub) 

Perry, Ralph W. 

Reed-Lewis, E. W. 

Sexton, James E. 

Strohm, Adam 

Whipple, Harvey 

Wilk, Benjamin 

Fenton—Hiscox, A. E. 

Flint—LaCamera, Peter 

Grand Rapids—Seeger, Ralph E. 

Jackson—Consolidated Cement Corp. 

Lansing—Davis, A. M. 

McLaughlin, William W. 

Ludington — Electric Tamper & 
Equipment Co. 

Midland—Dow Chemical Co. (L. C. 
Stewart) 

Oxford—Williams, L. E. 











Geographical List- 


Minnesota 


Duluth—Boswell, Clay C. 

LaLiberte, Paul 

Polaris Concrete Products Co. (Gor- 
don H. Butler) 

Elk River—Longfellow, D. W. 

Minneapolis—Altman, Frank S. 

Andersen, Paul 

Britzius, C. W. 

Cheng, T. P. 

Clousing, Louis 

Hughes, C. A. 

Klassy, K. H. 

Krefting, A. S. 

Macgowan, Ernest S. 

Moore, O. F. 

Paul, Frederick T. 

Peterson, F. G. Eric 

Straub, Dr. Lorenz G. 

Wheeler, Walter H. 

Wise, Joseph A. 

St. Paul—Bryce, Arthur J. 

Carlson, Harry 

Darling, Wilfred D. 

Gorham, Fred A. 

Miller, Dalton G. 

Schoell, William D. 

Schuett, A. H. 

Shockey, Norvell A. 

Wilbur, C. C. 

Winona—Gurney, Wm. G. 


Mississippi 


Jackson—Wood, Robert H. 


Missouri 
Clarksville—lIvie, William B. 
Columbia— Moorman, Robert W. B. 


Jefferson City—-McMahon, E. J. 

Missouri State Highway Dept. (F. V. 
Reagel) 

Kansas City—Allen, H. S. 

American Aggregate Co. (J. B. Cleary) 

Black & Veatch (N. T. Veatch Jr.) 

Cleary, John B. 

Cross, Roy C. 

Dewey Portland Cement Co. (W. E. 
Tyler) 


A.C. 1. Membership 817 


Dewey Portland Cement Co. (W. E. 
Tyler) 

Lundteigen, A. 

Porter, G. W. 

Small, M. H. 

Timanus, C. S. 

Wilkes, Edmund 

Rolla—Butler, Joe B. 

St. Louis—Becker, W. C. E. 

Beyer, E. L. 

Downing, C. A. 

Fleming, T. H. 

Frech, Harry E. 

Friberg, Bengt. 

Gould, Stephen G. 

Helfer, J. J. 

Koerner, Carl A. 

Laclede Steel Co. (B. Friberg) 

Middleton, Harvey 

Missouri Portland Cement Co. (Rich- 
ard Uhlig) 

Missouri Portland Cement Co. (O. F. 
Schulzke) 

Parcel, John I. 

Pettus, L. A. 

Rodgers, Eden 

Schmitt Material Co., Fred (C. J. 
Frein, Sec.-Treas.) 

Sweetser, Ernest O. 

Thomson, H. F. 

Widmer, Arthur J. 


Montana 


Fairfield——Genger, Harold W. 
Glendive—Jones, Paul A. 
Havre—Callan, James A. 
Johnston, Harold A. 

Knight, Elton G. 
Polson—Proff, Wayne L. 
Randall, John A. 

Spencer, R. W. 


Nebraska 


Lincoln—Duff, C. M. 
Sampson, B. 
Louisville—Frolich, A. K. 
Omaha— Meyer, C. Louis 
Yant, R. S. 
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New Hampshire New Mexico 


Manchester—Downey, J. B. 


Caballo—Crecelius, S. F. 
Conchas Dam—Johnson, Ralph P. 
Las Cruces—Baker, W. W. 


Sg was oe Roh egr a 
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New Jersey 
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Ampere—Lock Joint Pipe Co. (A. M. 
Hirsh) 

Arlington—Walter, Ernest 

Bound Brook—Lloyd, H. F. 


New York 
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Burlington—Hunt, Horace S. 

Camden—Camden Lime Company 
(Frank S. VanHart) 

Demarest—Abberley, Elbert K. 

Dunellen—Ransome Concrete Ma- 
chinery Co. (L. R. Wilson) 

East Orange—Dunham, Clarence W. 

East Rutherford—Wright, Jr., Wm. 
R. 

Glen Ridge—Brooks, Robert M. 

Hackensack—LaFountain, A. A. 

Haddonfield—Kolyn, M. D. 

Hawthorne—Snethlage, John B. 

Hoboken—Hirschtha!, Meyer 

Vogel, John Leonard 

Jersey City—Sinnickson, William B. 

Walter, L. W. 

Manville—Rembert, E. Wayne 

Maplewood—Hunt, Gilbert A. 

Montvale—Solomon, Morton 

Newark—Anti-Hydro Waterproofing 
Co. (M. W. Meyer) 

Bound Brook Crushed Stone Co. (L. 
Upton) 

Powers, Ellwood D. 

Waldron, William 

New Brunswick—Kauffmann, John R. 

Marin, Joseph 

New Village—Wilsnack, George C. 

Orange— Mead, F. } 

Passaic—Van Horn, Emery L. 


Albany—Greenman, Russell S. 

McClure, James 

Paul, Ira 

Schultze, Paul 

Arkport—Wright, Leslie E. 

Brooklyn—Beer, Robert G. 

Berg, U. T. 

Central Concrete, Inc. (A. Johnson, 
Treas.) 

Kaspareit, Walter B. 

Moore, Roy Saxton 

Praeger, Emil 

Reynolds, Frank L. 

Richmond Screw Anchor Co., Inc. 
(Chas. A. Snyder, Pres.) 

Roux, Maurice G. 

Buffalo—Buffalo Slag Co. (Carlton S. 
Wicker) 

Clark, W. B. 

Cowper, John W. 

Creager, Wm. Pitcher 

Cruise, Richard R. 

Deane, Frank Putnam 

Feigel, John H. 

Fruchtbaum, J. 

Gill, James F. 

Hallenbeck, Geo. S. 

Hudson, William N. 

Knight, T. C. 

Locke, Clyde E. 

McKaig, Thomas H. 


ir. Phillipsburg—Fritts, Stewart S. Monarch Engineering Co. (H. R. 

‘" Plainfield—Wigton, C. B. Wait) " 

_ Princeton—Timby, Elmer K. Niagara Falls Power Co. (Louis S. 
Tschebotareff, Gregory P. Bernstein) 


* 
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Sea Girt—Johannesson, Sigvald Stelley, Harry A. 


Teaneck—Munsell, A. W. 
Trenton—Andrews, L. E. 
Gage, Robert B. 


Waters, Charles R. 
West, Wilbur T. 
Catskill—Kichline, H. F. 


Sherman, Ralph A. Cattaraugus—Babcock, Charles D. 
West Englewood—Paliska, Stephen East Aurora—Watson, T. P. 
G. Elmira—Patterson, Donald M. 


Sore 


ea 
Pe Mee 

















Geographical List 


Flushing—Lemcke, Karl W. 

Glens Falls—Glens Falls Portland 
Cement Co. (Geo. F. Bayle, Jr.) 

Raber, Chas. T. 

Greensboro—Blakeley, Harry E. 

Hornell—Nichols, T. F. 

Hudson—Lone Star Cement Corp. 
(Myron A. Swayze) 

Ithaca—Hollister, S. C. 

International Salt Co., Inc. (C. D. 
Looker) 

O'Rourke, Chas. E. 

Schickel, Norbert H. 

Scofield, H. H. 

Urquhart, I 

Vanderlip, A. N. 

Long Island City—Horn, A. E. 

Levine, Harold J. 

Elmhurst, L. I.—Mauro, Francesco 

Westbury, L. I.—Piloff, Albert K. 

Woodhaven, L. I.—Vicente, Elisio 

New Rochelle—Steljes, Martin 

New York—Abrams, Duff A. 

Ahlers, John G. 

Ahrens, Henry 

Ambursen Construction Co. Inc. (L. 
A. Robb) 

American Can Co. (C. E. Preis) 

Backus, Richard A. 

Balcom, H. G. 

Barney Corp., W. J. 
Barney) 

Bertin, Rene L. 

Billner, K. P. 

Borchard, E. K. 

Borsari Tank Corp. of America (Her- 
man Schorer) 

Brennan & Sloan, Inc. 
Sloan) 

Caiola, Fred 

Chapman, Cloyd M. 

Cohen, A. B. 

Concrete Steel Co. 
meyer) 

Connar, V. N. 

Cory, Russell G. 

Cremer, Randall 

Crosett, Alexander D. 

Deutschbein, H. J. 

Di Stasio, Joseph 

Dixey, Joseph H. 


(Wm. Joshua 


(Francis P. 


(John F. Have- 
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Dixon, D. H. 

Durbin, H. R. 

Edison Cement Corp. 

Feldman, Solomon G. 

Fleming, E. M. 

Foundation Co., The 

Ford, Bacon & Davis, Inc. 
Rhodes) 

Francisco, F. LeRoy 

Freeman, G. L. 

Galloway, T. R. 

Gannett, J. F. 

Gilman, Charles 

Gruenwald, Ernst 

Haller, R. T. 

Hardesty, J. M. 

Hayden, R. 

Hogan, Charles L. 

Industrial Engineering Co. (D. Traver 
Miller) 

Josephs, Arthur C. 

Kinneman, W. P. 

Krefeld, William J. 

Lawrence Portland Cement Co. (E. P. 
Haubert) 

Leftwich, R. F. 

Litter, F. J. 

Liu, H. S. 

Lockhardt, William F. 

Lone Star Cement Corp. (H. R. Dur- 
bin) 

Lone Star Cement Corp. (C. L. 
Hogan, Pres.) 

Lone Star Cement Corp. (R. A. 
Hummel, V. P. 

Lone Star Cement Corp. (E. Posselt, 
¥.. f.) 

Lupine, Elmer Allan 

Lush, Wm. G. 

Manhattan College Engineering School 
(Prof. Daniel J. O’Connell) 

Maurer, E. R. 

Merriman, Thaddeus 

Meyers, Abraham 

Miner, Joshua L. 

Minwax Co., Inc. (Allrich S. Harrison 

Moyer, Albert 

Mueser, William H. 

Murphy, James F, 

North American Cement Corp. (Thos. 
G. Mooney) 


(W. D. Cloos) 


(Geo. I. 
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Peck, John Sanford 

Pennsylvania - Dixie Cement Corp. 
(Joseph H. Chubb) 

Pitman, E. P. 

Prentice, Thos. H. 

Raymond Concrete Pile Co. (H. P. 
Hamlin) 

Republic Fireproofing Co., Inc. (Alden 
J. Palmer) 

Richard, N. A. 

Roberts, H. W. 

Scheinin, Joseph M. 

Schmitt, F. E. 

Schwarze, C. T. 

Seabury, George T. 

Searl, Thomas D. 

Shreve, R. H. 

Smidth & Co., F. L. (Orla A. Larsen) 

Smith, Blaine S. 

Smith, Kenneth A. 

Sporn, Philip 

Steinman, D. B. 

Stephens, A. W. 

Toch, Maximilian 

Turner, Henry C. 

Turner Construction Co. (A. C. 
Tozzer) 

Upson, Maxwell M. 

Van Curen, Maurice P. 

Wessman, Harold E. 

White Construction Co., Inc. (G. 
Edward Escher) 

Wilcox, Fred C. 

Willison, M. W. 

Woodard, Silas H. 

Ytterberg, C. F. 

Zipprodt, Roy R. 


Port Chester—American Vault Co. 


(F. H. VanNess) 
Rochester—Brookman, Roger S. 
Campbell, S. A. 

Charms, Richard de 

Davis, Frank R. 

Domine, H. P. 

Hughes, H. Walter 

Klock, Morgan B. 

Neff, Stewart S. 

Palmer, B. H. 

Rochester Gas & Electric Corp. 

(Walter E. Paine) 

Sanford, L. M. 


Scherer, Francis R. 

Spencer, William H. 
Schnectady—Hall, Russell A. 
Snyder—Vannier, C. B. 
Suffern—Ward, Ralph B. 
Syracuse—Solvay Process Co., The 
Tonawanda—Thompson, Warren H. 
Troy—Lawson, Thomas R. 
Webster—Sheridan, Robert R. 
West Point—Smith, Morris R. 
Wuerpel, Chas. E. 

White Plains—Hepburn, William 
Kugler, R. H. 

Robinson, Edward A. 
Yonkers—Hernandez, Clinton N. 
Keaveny, Felix J. 


North Carolina 


Asheville— Rawls, E. M. 

Charlotte—Wanzer, C. T. 

Hendersonville Cleveland, Austin 
K. 

Hiwassee Dam—McCluer, Sam 

McHenry, Douglas 

Tyler, I. L. 

Raleigh—Hutchinson, G. W. 


Ohio 


Akron— Davis, Marvin L. 
Bellefontaine—Askren, David W. 
Cincinnati—Christy, C. O. 
Emery, S. A. 

Faber, H. A. 

Hanly, Hunter W. 

Little, Charles R. 

Long, Bartlett Gaillard 
Maienschein, Joseph E. 
Meyer, Geo. W. 

Pollak, Julian A 

Van Camp, R. E. 

Warner, J. J. 
Cleveland—Barnes, George E 
Burger, Alfred A. 

Churchill, H. D. 

Deinboll, F. K. 

Douglas, M. S. 

Falconer, R. C. 

Flesheim, S. W. 

Herron, James H. 














Geographical List 


Kaufman, R. R. 

Ketchum, Jr., Milo S. 

Klapp, Frank O. 

Low, Albert S. 

Maginniss, H. J. 

Medusa Portland Cement Co. 
Mooney, Philip 

Pease, B. S. 

Plummer, Fred L 

Scripture, Jr., Edward W. 
Thwing, James 

Watson, Wilbur J. 

Weinland, Jr., Louis A. 
Williams, C. D. 
Columbus—Elford, H. 
Jaeger Machine Co. 
Large, George E. 
Morris, Clyde T. 
Shank, J. R. 
Stepanian, S. 
Sterner, Howard S. 
Unckrich, A. F. 
Dayton—Belz, Charles J. 

Kimmel, A. W. 

Ironton—Blank, John A. 
Lakewood—Feldrappe, M. G. 
Lucasville—Goodman, Hal W. 
Osborn—Southwestern Portland Ce- 


(Lion Gardiner) 


ment Co. (J. B. Alexander) 
Painesville—Standard Portland Ce- 

ment Co. (Harry Stevens) 
Standard Portland Cement Co. (A. H. 


Ingley) 
Portsmouth—Superior Cement Corp. 
(F. R. Kanengeiser) 
South Park—Barney, W. E. 
Toledo—Carlisle, W. C. 
Hausman, Isaac 
Loughlin, L. J. 
Nardiello, M. V.’ 
Reese, Raymond C. 
The Henry J. Spieker Co. 
Miller) 
Youngstown—Hubbard, Fred 
Roscoe, Ralph E. 
Schumacher, L. B. 


(Karl C. 


Zanesville—Philleo, A. M. 
Oklahoma 
Dewey—Chamberlain, P. R. 


Oklahoma City—Oakes, Herbert L. 
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Simonson, John C, 
Smith, W. Furber 
Winters, R. W. 
Carpenter, Hubbell 
Tulsa—Chandler 
M. Chandler) 
Vinita—Fuller, M. G. 


Oregon 


Portland—Blake, Harold 

Brown, Jr., Harlan E. 

Clark, R. R. 

Cooper, Miles K. 

Nims, Chas. B. 

Oregon Portland Cement Co, 
Leche, Gen. Supt.) 

Tobias, Merle L. 

Salem—Paxson, G. S. 


Pennsylvania 
Allentown—Collins, H. G. 
Lehigh Portland Cement Co. 
Lehigh Portland Cement Co. 
Lehigh Portland Cement Co. 
Pearson, J. C. 

Watt, A. G. 

Young, Roy N. 

Ambler—Keasbey & Mattison 
(C. R. Hutchcroft) 

Miller, Lewis B. 

Ardmore—Erickson, Roy J. A. 

Bethlehem—Bethlehem Steel Corp. 
(A. P. Clark) 

Fahy, F. E. 


Johnston, Bruce 


Materials Co. (J. 


(D. H. 


Co. 


Lyse, Inge 

Sutherland, Hale 

Uhler, E. H. 

Braddock—McCrady, Jr., Edward 

Butler—West Penn Cement Co. (O. 
J. Binford) 

Catasauqua 
Cement Co. 


- Allentown Portland 
(R. S. Weaver) 
Allentown Portland Cement Co. (F. A. 
Weibel) 
Cementon—Hoke, Arnold 
Whitehall Cement Mfg. Co. 
Meighan, Ch. Chemist) 
Coplay—Gruenwald, Max E. 
Easton—aAlpha Portland Cement Co. 
(Louis T. Anderson, Jr.) 
Bragg, J. G. 


(M. H. 





Foun Pre 


aes 
Se ae 


ase 


ei 


Scart 
we 


a 


cere 


= ES = 


oe ner, 
ae 


— ainaas 


-_ 
omy 


ar 


seis «etc 
T= aa 


ey fae 
r ae 
“~ 


#5 


8 


Rigas teahine ies 
ce AC OS Soe ES 
sine lacie Sees ees 


Sg 








822 AMERICAN CONCRETE INSTITUTE 


Williams & Co. C. K. (Joseph W 
Ayers) 

Franklin—Franklin Steel Works (J. 
D. Quinn) 

Gettysburg—Clutz, Frank H. 

Glenside—Mebus, Chas. F. 

Harrisburg—Craig, Robert Hall 

Flesher, Wm. 

Masters, F. M. 

Moltz, John M. 

Pennsylvania State Highway Dept. 
(S. M. Marshall) 

Stabler, Donald B. 

Hummelstown—Jones, William A. 

Lancaster—Wickersham, John H. 

Lewisburg— Martin, Eliza J. 

Nazareth—Klein, W. H. 

Hercules Cement Corp. (Joseph Brob- 
ston, V. P.) 

Nazareth Cement Co. (J. Clifford 
Evans) 

Nazareth Cement Co. (Harold B. 
Robeson) 

Neville Island—Bryant, L. N. 

Palmerton—Bunce, E. H. 

Philadelphia—Adler, Julius 

Berry, H. C. 

Bowman, H. L. 

Britton, G. C. 

Conwell & Co., E. L. (A. S. Peiper) 

Creskoff, Jacob J. 

Foster, Jr., Alexander 

Fox, W. A. 

Friel, Francis S. 

Giant Portland Cement Co. (Chas. F. 
Conn) 

Gibson, W. Herbert 

Hercules Cement Corp. (Herbert 
Coffman) 

Hibbs, Manton E. 

Knopel, Herbert J. 

Lambert, Joseph M. 

Louchheim, Wm. S. 

MacBride, D. S. 

Mains, L. P. 

Malmed, A. T. 

Martin, J. L. 

Moore, A. F. 

Newlin, James C. 

Peiper, A. S. 


Philadelphia Electric Co. (F. W. 
Deck) 

Schantz, C. Paul 

Somers, Robert E. 

Stevens, Charles H. 

Tatnall, Francis G. 

Thomas, Arthur 

Turner Construction Co. (J. A. Turner) 

United Engineers & Constructors Inc. 
(J. Wm. Moffet) 

Warner Co., (Irving Warner) 

Witmer, Francis P. 

Pittsburgh—Alin, A. L. 

Cemenstone Corporation 

Coleman, J. M. 

Concrete Products Co. of America 
(C. F. Buente) 

Deignan, John E. 

Dunnells, Clifford G. 

Duquesne Slag Products Co. (Tracy 
Bartholomew) 

Glose, Robert L. 

Greulich, G. G. 

Henderson, Herbert 

Irwin, Orlando W. 

Jansen, C. B. 

Levison, Arthur A. 

Marvik Corporation (E. J. Ladley, 
Pres. ) 

McCullough, Frank M. 

Pittsburgh Testing Laboratory (A. R. 
Ellis) 

Plagwit, Eric 

Rapp, G. M. 

Rishel, John A. 

Singleton, C. Clayton 

Swenson, Clifford H. 

Taylor, Maurice 

Warren, Ray V. 

Pottsville—Biever, Barton R. 

Scranton—Baker, Samuel 

State College—Minshall, R. E. 

Swarthmore—Lilly, Scott B. 

Wilkinsburg—Frick, Walter H. 

Yardley—Johnston, Robert S. 


Rhode Island 


Kingston—Stubbs, Jr., Frank W. 
Providence—Ballou, Henry W. 
Merchant, Archie W. 














Geographical List- 


R. I. State Bd. of Public Works, (J. V. 
Keily) 
Shawomet—Bragger, E. Y. 
South Carolina 


Charleston—LetTellier, L. S. 
Columbia— Mills, W. H. 


South Dakota 


Rapid City—South Dakota Cement 
Plant (William Fowden) 


Tennessee 


Chattanooga—Bransford, Jr., Howell 
A. 

Signal Mountain Portland Cement Co. 
(I. F. Sisson) 

Knoxville—Arneberg, Birger 

Freeman, P. J. 

Meyer, Adolf A. 

Nichols, Charles E. 

Nowell, Jr., Joseph C. 

Retz, Rolf T. 

Volunteer Portland Cement Co. (Chas. 
F. Lewis) 

Memphis—Busse, F. A. 

Harder, E. F. 

Howe, H. N. 

Huebner, John 

Hunter, Harry B. 

Nashville—Coolidge, W. A. 

Hansard, Orren H. 

Trice, A. C. 

Pickwick Dam—Johnson, W. R. 


Texas 


Austin—Burke, E. W. 

Clark, Charles A. 

Dawson, Raymond F. 

Ferguson, Phil. M. 

Freeman, Robert W. 

Wilson, Munsey 

Dallas—Browne, Nolan 

Caron, C. E. 

Gill, Grayson 

Lone Star Cement Corp. (L. R. Fergu- 
son) 

Nash, Jack T. 

Todd, G. H. 

Trinity Portland Cement Co. (J. F. 
Hayden) 
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Walker, James K. 

El Paso—Blair, William R. 

Meyers, S. L. 

Fort Worth—Porter, F. B. 

Houston—Dvorak, J. 

Rordam, S. 

Laredo—Zachry, H. B. 

Lubbock—Haynes, S. B. 

Texas Technological College (J. H. 
Murdough) 

Walker, O. R. 

Marshall Ford Dam—McCown, B. 
D. 

Willson, R. J. 

Mineral Wells—Williams, Chas. P. 

San Antonio—Beretta Engineers, Inc. 
J. W. (J. W. Beretta) 

Horn, G. P. 

San Antonio Portland Cement Co. (C. 
Baumberger) 

Waco—Wood, L. H. 


Utah 


Duchesne—Crowell, Harold M. 
Salt Lake City—Beers, W. D. 
Richardson, F. H. 


Vermont 


Canaan—Blake, Arnold C. 
Virginia 

Arlington—Davis, Herbert A. 

Ferris, George F. 

Fink, John C. 

Mitchell, Nolan D. 

Wagner, Leonard A. 

Blacksburg—Begg, R. B. H. 

Hartman, Jr., W. T. 

Pletta, Dan H. 

Charlottesville — Towles, Thomas 
Thompson 

Dublin—Hatch, H. P. 

Hopewell—Solvay Process Co. (T. C. 
Morris) 

Richmond—Dunn, J. E. 

Froehling & Robertson (G. J. Durant) 

Lancaster, G. G. 

Thurston Co., Inc., W. P. 
Thurston) 

VanDervoort, Jameson 

Riverton—McCormick, J. A. 


(W. ®. 
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Roanoke—Ferguson, M. W. 
Rosslyn—Earley, John J. 


Washington 


Bellingham—Browne, P. H. 

Krabbe, A. F. 

Lind, Russell E. 

Concrete—Wagner, C. L 

Coulee Dam—Dike, Oscar Dermit 

Mann, Theodore E. 

Moser, A. L. B. 

Patch, Orin G. 

Taylor, Horace A. 

Warning, G. A. 

Wood, Douglas 

Everett—Mumun, Jr., Hans 

Longview—Longview Concrete Pipe 
Co. (Geo. F. Ruth) 

Metaline Falls—Lehigh Portland Ce- 
ment Co.) 

Olympia—Johnstone, W. W. 

Robertson, Winfred T. 

Washington State Highway Dept. 
(Bailey Tremper) 

Williams, Chas. H. 

Seattle—Hadley, H. M. 

Howard, C. M. 

More, Chas. C. 

Northwestern Portland Cement Co. 
(C. T. W. Hollister, Secy.) 

Priestley, J. G. 

Superior Portland Cement Co. (C. N. 
Reitze) 

Swartz, Leo 

Sylliaasen, M. O. 

Witte, Herman Calvert 

Spokane—Sullivan, H. D. 

Yakima—Sherman, John R. 

Skinner, Robert F. 


West Virginia 


Charleston—United Carbon Co. Inc. 
(G. L. Roberts) 

Fort Springs—McThenia, A. W. 

Glanville—West, H. Paul 

Grafton—Raphael, Jerome M. 

Huntington—Sprague, John C. 

Martinsburg — Standard Lime & 
Stone Co. (Edward E. Driesbach) 





Morgantown— Davis, Fred A. 
So. Charleston— Mitchell, Thos. H. 
Wheeling—Faris, Frederic 


Wisconsin 


Beloit—Bigelow, W. W. 

Fond du Lac—Mabie, Jr., Harry W. 

Johnson, Robert C. 

Madison—Cottingham, W. S. 

Larson, Guy H. 

Pulver, H. E. 

Smith, Walter M. 

Turneaure, F. E. 

Willson, C. A. 

Withey, Morton O. 

Woody, C. C. 

Milwaukee—Burmeister, R. A. 

Chain Belt Co. (Chas. F. Ball) 

Chain Belt Co. (B. F. Devine) 

Fuller, W. J. 

Hirschberg, Walter P. 

Kimmel, W. D. 

Kolinski, M. C. 

Luber, F. A. 

Poulter, John W. 

Sherman, Walter A. 

Shodron, John G. 

Tews, Walter T. 

Wernisch, George Robert 

Whitney, Chas. S. 

Oshkosh—Olsen, E. 

Sheboygan—Donohue, Jerry 

Waukesha—Butler, Morgan R. 

Wausau—Westerveld, Ira J. 

Wauwatosa—Tubesing, William F. 
Wyoming 

Casper—Bashore, H. W. 

Cody—Kemp, W. F. 

Killmore, William 

Stradley, Jr., Henry E 

Pavillion—Brooks, L. Kees 

Riverton—Hance, Tolliti R. 

Smyth, Arthur P. 

Seminoe Dam—Rippon, Charles S. 

Thompson, L. E. 

Warner, J. H. 


Aiaska 


Anchorage—Heyser, Alton S. 

















Geographical List- 


Canal Zone 


Balboa Heights—Hertz, A. L. 
Jones, R. C. 
Randolph, Edward Sydney 


Philippine Islands 


Manila—Cebu Portland Cement Co. 
(Gregorio Anonas) 


Porto Rico 


Mayaguez—Porto Rico College of 
Agriculture and Mechanical Arts 

Moto, Candelario Calor 

San Juan—Dept. of Interior, (Man- 
uel Egozque) 

Totti, Etienne 

Valle, Carlos Del 


Canada 
Alberta 
Edmonton—Webb, H. R. 


British Columbia 


New Westminster — Faulkner, Chas. 
e.. ©. 

Vancouver—Barclay, J. B. 

Bennett, John G. 

Grant, J. R. 

Hamilton, Chas. T. 

Macdonald, J. B. 

Smaill, Wm. 

Way, W. F. 


Manitoba 


Winnipeg—Cowin & Co., Ltd. (H. B. 
Henderson) 

Johnston, W. J. 

Macdonald, A. E. 

Martin, W. A. 


New Brunswick 


Lewisville—Evans, Edwin Ronald 
St John—MckKinney, J. Harold 


Nova Scotia 
Halifax—Belliveau, J. E. 
Noonan, W. H. 

Sexton, F. H. 
Whitman, K. E. 
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Ontario 


Brantford—Penny, A. F. 

Hamilton—Darling, E. H. 

Farley, A. V. 

Weller, W. H. 

Ottawa—McLachlan, D. W. 

McLaughlin, H. M. 

Mills, T. S. 

Viens, E. 

Wolochow, D. 

St. Mary’s—St. Mary’s Cement Co. 
Ltd. (John G, Lind, V. P. & G. M.) 

Toronto—Babcock, H. A. 


* Cable, E. C. 


Consolidated Sand and Gravel, Ltd. 
(G. G. Robinson) 

Cote, A. U. 

Cross, Edward A. 

Crysler, R. A. 

Goss, R. G. 

Hertzberg, C. S. L. 

Hurlburt, R. W. 

Hydro-Electric Power Comm. 

Knight, J. A. 

Knight, Lane 

MacRae, W. A. 

McCarthy, T. V. 

McRae, J. P. 

Munroe, E. H. 

Ontario Ready Mix Concrete Ltd. 
(C. E. Reynolds) 

Oxley, J. Morrow 

Robinson, D. O. 

Ross, H. C. 

Sagar, W. L. 

Schnarr, Wilfrid 

Sedgwick, Arthur 

Toronto Dept. of Buildings (K. S. 
Gillies) 

Wallace, Gordon L. 

Young, Clarence R. 

Young, R. B. 

Welland—Scott, J. R. 

Woodstock—Carnwath, James 


Quebec 


Arvida—Miller, Charles 
Montreal—Blanchard, J. E. 
Breen, J. M. 

Brunotto, L. 
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Burge, A. W. 

Canada Cement Co., Ltd. (H.S. Van 
Scoyoc) 

Canadian Foreign Investment Corp., 
Ltd. 

Clapperton, John A. 

Fleming, A. G. 

Foundation Co. of Canada Ltd., The 
(V. G. Younghusband) 

MacNaughton, M. F. 

McCrory, J. A. 

McCurdy, L. B. 

Morssen, C. M. 

Nenniger, E. 

Raymond, Charles 

Robertson, R. K. 

Smallhorn, E. R. 

Stirling, J. B. 

Quebec—Quebec Dept. of Roads 
(Alphonse Paradis) 

Quebec Dept. of Public Works & Labor 

St. Johns—Trotter, C. T. 

Westmount—Gardner, W. McG. 


Saskatchewan 


Saskatoon—Thorvaldson, T. 
Williams, G. M. 


Argentina 


Buenos Aires—Agramonte, Alberto A. 
Arenas, Eduardo 

Valle, Juan Agustin 
Cordoba—Cisneros, Raul 

La Plata—Montalvo, Jose 


Australia 


Adelaide—Glastonbury, O. 

James, W. H. 

McCarthy, H. E. A. 

Berrima—Hodge, W. }. 

Boolaroo—Evans, H. A. 

Brisbane—Langevard, E. V. 

Charbon—Saville, Christopher James 

Darra—Geary, D. S. 

Esk—Richard, Evan L. 

Geelong—Schroder, E. M. 

Hawthorne—Griffiths, Norman 

Kandos—Kandos Cement Co., Ltd. 
(M. I, MacTaggart) 


Melbourne—Eldridge, R. \V. | 
Mercer, L. Boyd 
Newcastle—Broken Hill Proprietary 
Co., Ltd., (L. Bradford) 
Perth —Cutt, Leonard C 
Sydney—Bray, Thorpe 
Clinch, J. K. 
England, John 
Everingham, E. C 
Garnsey, Arnold Hugh 
Hebblewhite, W. R. 
Hinder, R. B. 
Kneeshaw, F. V. 
Symonds, J. 
Townsville—Hunt, Maurice 


Austria 


Vienna—Emperger, Fritz 
Tillman, Rudolf 


Belgium 
Liege—Campus, F. 
Brazil 


Rio de Janeiro—Billings, A. W. K. 

Broe, Harald 

Harboe, Helge 

Passos, Edison J. 

Reis, F. Santos 

Sao Paulo—Alves de Lima, Jorge 

Companhia Brasileira de Cimento 
Portland S/A 

Freire, Mario 

Torres, Ary F. 


Burma 
Insein—Mukerjee, D. 

Chile 
Santiago—Alessandri A. 

China 


Cheng-Ku-Hsien—Li, Shu-t’ien 

Shanghai—Lee, Kung 

Wu, Pond S. 

Siking—Pei Yang University 

Tangshan—Chiao Tung University, 
Library 

Tientsin—Ching, C. T. 

Davison, J. K. 
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Colombia 


Barranguilla—Rettig, L. Erik 
Bogota—Diaz, Miguel Antonio 
Hudgins, Henry C. 

Cargagena— Verhelst, Jose M. 


Costa Rica 


San Jose—Gutierrez B., Hernan 
Herrero L., Miguel Angel 


Czechoslovakia 


Prague—Bechyne, Stanislav 
Kazda, J. F. 

Klokner, Frant. 

Polivka, Jaroslav 


Sobotka, Walter 
Cuba 


Havana—Cabrera, Isaac T. 

Fitz Gerald, C. C. 

La Compania Cubana de Cemento 
Portland 

Menendez, Jose 

Rosich, Miguel R. 

Vila, Jose Antonio 

Villa, Miguel 

Santiago— Navarrete, Octaviano 


Denmark 
Copenhagen—Christiani & Nielsen 
Holst, Helge 
Smidth & Co., F. L. 

Sodemann, Frank 
Suenson, E. 


England 


Bristol—Robertson, Andrew 
Buxton—Sewell, L. Greville 
Cheadle—Bridges, G. P. 
Croyden—Brown, Philip K. 
Cudham—Barron, S. N. 
East Grinstead—Richards, Guy 
East Molesey—Smith, N. H. 
Garston—Stradling, R. E. 
Hatch End—Glanville, W. H. 
Hull—Earle, Ltd., G. & T. 
Singleton-Green, J. 
Ipswich—tTetsall, E. P. 
Leeds—Airey, Edwin 


Leicester—Ellis & Sons Ltd., John 

London—Aisher, O. A. 

Bowie, P. H. 

Chate, R. V. 

Davis, A. C. 

Davis, Bernard 

Empire Stone Co., Ltd. 

Hajnal-Konyi, K. 

MclIlmoyle, R. L. 

Pippard, A. J. S. 

Smith, R. A. B. 

Stanger, R. H. Harry 

Stuart’s Granolithic Co. Ltd. (Wm. 
Adams) 

Wallace, W. K. 

Windsor, A. S. 

Manchester—Stokes, G. W. 

Oxford—Jackson, Alan 

Tunbridge Wells—Bishop, Hugh P. 

Wolverhampton—Cotterel!, Ernest L. 


Esthonia 


Tallinn—Grauen, A. 


Finland 


Pargas—Troupp, N. 


France 


Le Teil—Societe Anonyme des Chaux 
et Ciments de Lafarge et du Teil 
(E. Rengade) 

Paris—Damond, Emile 

Hendrickx, Jean 

Laboratories du Batiment et des Tra- 
vaux Publics 

Larrard, Jean de 

Lebelle, Jean 

Societe des Ciments Francais (F. 
Turquais) 


Germany 


Berlin—Haegermann, G. 
Hummel, Alfred 
Yoshihara, M. 
Stuttgart—Graf, Otto 


Guatemala 


Guatemala City—Arias d., Jorge 
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Holland 


Delft—Bakker, J. A. 
De Steeg—Honig, B. A. 


Hungary 


Budapest—Steiner, Alexander 


India 


Ahmedabad—Asarpota, D. M. 

Patel, N. N. 

Udani, P. J. 

Banmore—The Associated Cement 
Companies, Ltd. 

Bombay — The Associated Cement 
Companies, Ltd. 

The Associated Cement Companies, 
Ltd. 

The Associated Cement Companies, 
Ltd. 

Indian Hume Pipe Co. Ltd., The 

Kynnersley, T. R. S. 

Karachi—Sujan, S. B. 


Kymore — The Associated Cement 
Companies, Ltd. 
Lakheri — The Associated Cement 


Companies, Ltd. 
Lucknow—Dunsdon, A. C. 
Madukarai—tThe Associated Cement 

Companies, Ltd. 

Okha—tThe Associated Cement Com- 
panies, Ltd. 
Porbandar—The Associated Cement 

Companies, Ltd. 
Raichur—Mudaliar, M. C. Gajaraj 
Shahabad—tThe Associated Cement 

Companies, Ltd. 

Wah—tThe Associated Cement Com- 
panies, Ltd. 


Ireland 


Belfast—Beatty, W. F. 
Cork—Walsh, H. N. 
Dublin—Waller, J. H. de W. 


Italy 


Bergamo—Pesenti, Mario 

Milano—Bifh, Cesare 

Laboratorio Prove Materiali, (Giulio 
Revere) 

Parisini, Filippo 


Pisa—Biblioteca della Facolta Ingeg- 
neria (Giovanni Quaglia) 

Roma—Associazione Italiana per gli 
Studi sui Materiali da Costruzione 
(Camillo Guidi) 

Torino—Biasi, Giovanni 


Japan 


Fukushimaken—Komuro, Mangoro 
Kumamoto—Yoshida, Yashichi 
Kyoto—Kondow, Yasuo 
Tokyo—Abe, Mikishi 

Naito, Tachu 

Okawado, S. 

Suzuki, Hajime 

Uchimura, Sabro 

Yamashita, Toshirow 
Yamaguchi—Onoda Cement Co. 


Mexico 


Angostura— Alba, Fernando de 

Anaya y S, Manue! 

Navarro G., Benjamin 

Rodriguez M, Antonio 

Esqueda—Orozco, J. Vicente 

Mexico—Avilez, ignacio 

Barona, Federico 

Cemento de Mixcoac, S. A. (A. B. 
Stewart) 

Cuevas, Jose A. 

Flores, Manuel Gonzales 

Jimenez, L., Cesar 

Rebolledo, Miguel 

Weiss, Andrew 

Puebla—Blank, Alton J. 


New Zealand 


Auckland—Ferriday, E. G. 

Murray, Andrew 

Wilson’s Portland Cement, Ltd. 

Dunedin—Milburn Lime & Cement 
Co., Ltd. (W. W. Mackersy) 

Wellington Golden Bay Cement 
Co., Ltd., The 


Nicaragua 


Managua—Gautier, R. C. 
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Norway Joffe, A. S. 


2 Lange, C. P. 
aeenee sacle, A. Pretoria Portland Cement Co. Ltd. 
Oslo—Brandtzaeg, Anton Sdhenior, 2. 5. 
Jakhelln, Harald 


. : ’ Tainton, A. G. 

Norsk Portland Cementkonter Van Der Mark, H. J. C. 
comeninde Salt River—Sagorsky, A. 
‘ Slurry—Windsor, W. T. 
Palestine Sydenham—Spencer, Samuel A. 


Tel Aviv.—Freudenthal, Alfred 
Spain 
Republic of Panama 
Madrid—-Casado, Carlos Fernandez 
Panama—Arango, Henrique G. 
Clare, Jr., H. Straits Settlements 


Lyons, Jr., E. Bukit Mertajam—Wilson, A. C. 


Peru 
Sweden 
Lima—Alvarez, Armando M. Limhamn—Wentje Jr., Ernst 


Malmo—Andersson, David 


Poland Sharengrad, W. de 
Warszawa—Gillewicz, Zdzislaw Stockholm—Ekwall, Axel 
Eriksson, Axel 
Russia Hjelmsater, J. Roos af 
Svenska Betongforeningen (Rikard 
Moscow—Skramtajew, B. G. V. Frost) 


. Sundsvall—Hallstrom, O. 
Samoa Islands 


Tutuila— Halloran, P. J. Switzerland 


Siam Aarberg—Dardel, Walter 
B : en. C. Friis Altstetten—Schenker, F. A. 
amgoue—Jespersen, C. Friis Berne—Buhiler, Adolf 


South Africa 


Bulawayo—MacLeay, Douglas G. Railton—Goliath Portland Cement 


McLoughlin, P. E. Co. Ltd. (S. S. B. Purves) 
Cape Town—Corben, H. J. 


Cleveland—W orsdale, John E. 


Tasmania 


Venezuela 
Durban—F yall, Douglass 
Germiston—Twycross, B. G. Caracas—Bayot, Jean M. 
Johannesburg—Breslin, Thomas Pacanins, Tomas . 
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